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ABSTRACT 
 
Use of informatics methods to identify problems and then design, develop and evaluate solutions to 
support health workers in their management of malaria in the Millennium Village Project, Bonsaaso, 
Ghana 
María Lorena Carlo Unda 
Malaria is both a preventable and curable disease if treated early and appropriately. However, it is 
estimated that every 30 seconds a child dies of malaria in sub-Saharan Africa. The use of innovative 
eHealth/mHealth tools for malaria that seamlessly integrate into the workflow of healthcare workers 
could potentially ameliorate this problem. Successful design and development of these tools require an 
overarching understanding of the socio-technical context for the problems and opportunities in the 
application domain. A series of studies involving malaria management in the Millennium Village Project 
(MVP) cluster in rural Ghana were performed. A new method introduced by the author was applied to 
prioritize health information needs of stakeholders that have the potential to have a higher impact in 
solving health related problems. The result of applying this method was a group of impactful 
interventions for the MVP malaria program in Ghana. Findings from this study were validated with the 
MVP Ghana eHealth team, and after mutual agreement, an eHealth/mHealth intervention around malaria 
supply chain management was selected for further study. User-Centered Design (UCD) methods were 
adapted for use in a resource poor setting. Functional and non-functional requirements were identified. A 
low fidelity prototype was created and early usability inputs were collected. A high fidelity prototype was 
created to provide decision support to health workers through visualizations of stock levels and 
recommendations of quantities to order. Results from evaluation studies of the high fidelity prototype 
with end users suggest that they perceive the prototype as both easy to use and useful, with a potential for 
adoption and with a low risk of implementation. Usability problems found during the course of the study 
should be addressed to increase the potential of adoption. To obtain a more complete list of usability 
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Chapter 1. Introduction 
1.1. Problem Statement 
Malaria is a life-threatening disease, transmitted to people through the bites of infected 
mosquitoes. Even though it is both preventable and curable if promptly and adequately treated, it 
is estimated that a child dies of malaria every 30 seconds in sub-Saharan Africa. In many 
malarious areas of the world, especially sub-Saharan Africa, malaria is ranked as one of the most 
frequent causes of morbidity and mortality among children. The World Health Organization 
(WHO) estimates that more than 90% of the 1.5 to 2.0 million deaths attributed to malaria each 
year occur in African children [1]. 
Malaria management in Africa has long been hampered by poor quality health data, including 
inaccurate data, incomplete data, and problems with timeliness. There is a need for reliable 
healthcare data at all levels of provision [2]. Some studies have demonstrated that access to 
timely, complete and accurate data could improve healthcare delivery [3, 4]. Information tools 
that seamlessly integrate into the workflow of healthcare workers are essential to achieving this 
goal [5].  
The evidence suggests that many of the health information systems (HIS) in developing 
countries fail [6]. Specifically, design methods have failed to consider complex issues inherent to 
resource poor settings in Low and Middle Income Countries (LMIC) [7].  Examples of 
challenges present in these types of environments include:  poor infrastructure (i.e. power, 
connectivity, and transportation), financial constraints, scarce healthcare workers, low literacy 






1.2.  Purpose of the Study 
 
The main purpose of this research is to use informatics methods to improve the MVP Ghana 
Malaria Program. A set of studies were performed to understand the problems and opportunities 
in the application domain of the MVP Ghana Malaria Program as well as to prioritize 
information needs and recommend new eHealth/mHealth tools to ameliorate these problems. An 
innovative prototype tool that meets the needs of health workers and is appropriate to their 
context [8] was developed and evaluated using user-centered approaches. 
1.3. Specific Aims and Research Questions 
The following research aims were developed for this dissertation research: !
Research Aim 1: To investigate and prioritize the health information needs for malaria 
management in the Millennium Villages Project in Bonsaaso, Ghana 
To accomplish this research aim, the following research questions were posited: 
• Who are the stakeholders that directly influence the halt of malaria and reduction of 
its prevalence? 
• What is the information flow among the stakeholders that support the MVP Malaria 
Program? 
• Which are the tasks and their priorities related to the stakeholders’ work in malaria? 
• What are the obstacles and challenges the stakeholders face when performing malaria 
related tasks? 
• What are the current eHealth/mHealth tools that are being used to create malaria 
related reports? 




• Which malaria interventions would account best for the constraints of low resources? 
Research Aim 2: To design, develop and evaluate the usability of an eHealth/mHealth prototype 
to improve supply chain and stock management of antimalarials and Rapid Diagnostics Tests 
[RDTs] in the Millennium Villages Project in Bonsaaso, Ghana 
To accomplish this research aim, the following research questions were posited: 
• Who are the potential users of the malaria supply chain prototype? 
• Which are the malaria supply chain process workflows? 
• Which organizational policies, procedures and culture are applicable to malaria 
supply chain management? 
• What external constraints are applicable to the supply chain management processes? 
• What are the functional and non-functional requirements for the eHealth/mHealth 
prototype to improve stock management of antimalarials and RDTs? 
• How does the prototype meet the heuristics for user interface design? 
• What elements of the prototype will improve its acceptance? 
• Is the system perceived usable by the end users? 
• Is the system perceived easy to use by the end users? 
1.4. Theoretical Underpinnings 
 
1.4.1. The Socio-technical Model – 8 Dimensions 
 
The use of technology affects the way in which health workers communicate and do their work. 
The relationship between the social environment and the technology, also known as 
sociotechnical analysis, has been widely studied and deemed as important to improve the design, 




Sittig and Singh’s 8-dimension STM was selected as the theoretical underpinning for this 
dissertation, because it is considered appropriate due to its use to improve HIS in different 
settings and stages [11, 13-16]. The model is composed of eight interdependent dimensions: (1) 
Hardware and software computing infrastructure; (2) Clinical content; (3) Human-Computer 
interface; (4) People; (5) Workflow and communication; (6) Internal organizational policies, 
procedures and culture; (7) External rules, regulations and pressures; and, (8) System 
measurement and monitoring [11]. The dimensions of the socio-technical framework are 
described as follows and the research questions of the dissertation are classified along the 
different dimensions.  
Socio-technological dimensions 
Hardware and software computing infrastructure refers to the hardware and software that is 
used or will be used in the system. It also includes data storage devices, networking equipment 
for the transmission of data, and the devices to keep the computing infrastructure working, such 
as air conditioning, batteries, supply power, etc.  
Research Questions: 
• What are the current eHealth/mHealth tools that are being used to create malaria related 
reports? 
• Which are the potential eHealth/mHealth support tools for malaria? 
Clinical Content includes all the data that is collected and stored in the system.  
Research Questions: 
• What are the functional and non-functional requirements for the eHealth/mHealth 




Human-Computer interface refers to the interface between the system and the user. Usually 
there is an iterative refinement process in order to obtain the correct human-computer interaction 
interface that will be useful and easy to use for the end user.  
Research Question: 
• What elements of the prototype will improve its acceptance? 
People include the humans involved in the design, development, implementation and use of the 
system. 
Research Questions: 
• Who are the stakeholders that directly influence the halt of malaria and reduction of its 
prevalence? 
• What are the obstacles and challenges the stakeholders face when performing malaria 
related tasks? 
• Who are the potential users of the malaria supply chain prototype? 
Workflow and communication describes the way people collaborate with each other in the 
healthcare system to achieve patient care. 
Research questions: 
• What is the information flow among the stakeholders that support the MVP Malaria 
Program? 
• Which are the malaria supply chain process workflows? 
Internal organizational policies, procedures and culture refer to the internal organizational 




system. An example of internal policies would be budget allocations to purchase hardware and 
software that will affect the HIS project. 
Research questions: 
• Which are the tasks and their priorities related to the stakeholders’ work in malaria? 
• Which organizational policies, procedures and culture are applicable to malaria supply 
chain management? 
External rules, regulations and pressures refer to the external forces that influence the design, 
development, implementation, use and evaluation of the health information system.  
Research Questions: 
• Which malaria interventions would account best for the constraints of low resources? 
• What external constraints are applicable to the supply chain management processes? 
System measurement and monitoring refers to the evaluation of health information systems. 
Research Questions: 
• How does the prototype meet the heuristics for user interface design? 
• Is the system perceived usable by the end users? 
• Is the system perceived easy to use by the end users? 
A theoretical substruction was created to connect the theoretical basis to the research 
methodologies of the dissertation [17]. The theoretical substruction is composed of a conceptual 
system and an operational system. The conceptual system contains the relevant concepts of the 
dissertation. The first level of the theoretical substruction corresponds to the Sittig and Singh’s 8-
dimensions socio-technical framework [11]. The second level contains the correspondent dimen-




models and heuristics used in the dissertation. The fourth level has the constructs of the models 
and heuristics of the third level. The operational system part includes the research methodologies 
used. Figure 1.1 shows a collapsed diagram of the theoretical substruction, outlining only the 
conceptual system part for visualization purposes. Figures 1.2, 1.3, 1.4, 1.5, 1.6, 1.7 and 1.8 
contain individual diagrams that correspond, respectively, to the dimensions of Sittig and Singh’s 
8-dimensions STM framework.  
Table 1.1 contains a summary of the study designs used in this dissertation and the correspondent 
































Table 1.1 Summary of the study designs 





To identify and 
prioritize the infor-
mation needs of the 
MVP Malaria Pro-
gram. 
Survey of Outcome Mapping 
(OM) Boundary Partners, 
Interviews and Social Network 
Analysis 
• Hardware and software compu-
ting infrastructure 
• Clinical Content 
• Human-computer interface 
• People 
• Workflow and Communication 
• Internal organizational policies, 
procedures and culture 
• External rules, regulations and 
pressures 
2 To validate the 
results of the Study 1. 
Focus Group 
• People 
• Workflow and Communication 
• Internal organizational policies, 
procedures and culture 
2 
3 
To understand the 
application domain of 
the stock manage-
ment prototype and 
to specify require-
ments. 
Focus Groups, Observations, 
Interviews, Participatory De-
sign 
• Hardware and software 
computing infrastructure 
• Clinical Content 
• Human-computer interface 
• People 
• Workflow and Communication 
• Internal organizational policies, 
procedures and culture 
• External rules, regulations and 
pressures 
4 To evaluate the paper prototype and refine 
requirements. 
Evaluation of the paper proto-
type 
• Clinical Content 
• Human-computer interface 
• People 
• System measurement and moni-
toring 
5 
To evaluate software 
prototype with poten-
tial users and experts. 
 
Studies with potential users 
include: A Design-Reality Gap 
Model (DRGM) Risk Assess-
ment Workshop, A Think-
Aloud Protocol study, the 
administration of a survey 
based on Mobile Wireless 
Technology Acceptance Model 
(MWTAM) [18] and post-
usage interviews. 
Heuristic Evaluations with 
experts in visualization and/or 
usability. 
• Hardware and software compu-
ting infrastructure 
• Clinical Content 
• Human-computer interface 
• People 
• Workflow and Communication 
• Internal organizational policies, 
procedures and culture 
• External rules, regulations and 
pressures 







































Figure 1.2 Theoretical substruction of conceptual framework with hardware and software 








Figure 1.3 Theoretical substruction of conceptual framework with dimensions: internal 








Figure 1.4 Theoretical substruction of conceptual framework with dimension: external rules, 




























































1.4.2. The Design-Reality Gap Model  
There have been challenges in the implementation of many HIS projects in developing countries 
[6]. Heeks categorized the failure of an HIS project as total versus partial failure. HIS projects 
are considered total failures if they were never implemented or if they were implemented and 
quickly abandoned. Partial failures are those projects in which important goals are not achieved 
or that experience unwanted outcomes. An HIS is successful if the majority of its stakeholders 
reach their most important goals and they do not experience significant unwanted outcomes [6]. 
The DRGM can be used as a tool to assess and mitigate risks of HIS projects [7, 19].  
The DRGM attempts to model the match or mismatch between an HIS project now and in the 
future to determine the potential of success or failure. The seven dimensions of the DRGM are: 
(1) information (i.e. dataflow); (2) technology (hardware and software); (3) processes; (4) 
objectives and values (i.e. culture, politics); (5) staffing and skills; (6) management systems and 
structures; and, (7) other resources (i.e. time and money) [6]. These dimensions are known as 
ITPOSMO (Information; Technology; Processes; Objectives and values; Staffing and skills; 
Management systems and structures, and Other resources) dimensions, see Figure 1.9.  
The dimensions of this model are very important, as they give researchers a useful resource to 
investigate the different contextual aspects that potentially influence the future success or failure 
of their HIS project. Each one of the dimensions is rated to understand the relative measure of 
the size of the gap. The greater the mismatch between the design and the reality the higher is the 
risk of failure and vice versa. 
The DRGM can find potential issues early and minimize the gaps between the designer thinking 
and the reality of the users. For example, designers and users may be from different cultures and 











The ITPOSMO dimensions align well with the Sittig and Singh’s 8-dimension STM. They 
provide a conceptual basis to understand and address the social and technical factors influencing 
the success or failure of HIS. The DRGM:Technology dimension aligns with the STM: 
Hardware and Software computing infrastructure dimension (See Figure 1.2). The DRGM: 
Management Systems and Structures and the DRGM: Processes dimensions correspond to the 
STM: Internal Organization and Policies and STM: Workflow and Communications dimensions 
(See Figure 1.3). The DRGM: Other Resources dimension aligns with the STM: External Rules, 
Regulations and Pressures dimension (See Figure 1.4). The DRGM: Staffing and Skills 
dimension corresponds to the STM: People dimension (See Figure 1.5). The DRGM: 
Information and the DRGM: Objectives and Values dimension correspond to the STM: Clinical 
Content dimension (See Figure 1.6).  
1.4.3. Mobile Wireless Technology Acceptance Model  
The MWTAM is another model that was used in the dissertation. It is a modification of the 




adopt a new technology. TAM defines two key factors that may influence adoption: Perceived 
Usefulness (PU), or “the degree to which a person believes that particular system would enhance 
his or her job performance;” and Perceived Ease-Of-Use (PEOU), or “the degree to which a 
person believes that using a particular system would be free from effort” [20]. The MWTAM 
adds three other key factors to TAM that are relevant to mobile technologies, which are: 
Perceived Ubiquity, Perceived Reachability, and Job Relevance. The authors argue that these 
factors may influence adoption of mobile applications [18]. See Figure 1.10. 






1.5. Significance  
Evidence suggests that many of the HIS projects implemented in developing countries have 
failed to meet end users’ needs. This is largely due to the use of inappropriate methods that have 
not considered the contextual complexities that characterize resource poor settings [6, 7]. There 
is a need to explore different research approaches on design, development and evaluation of 
context-appropriate health informatics applications. User-Centered Design (UCD) solutions are 
important to ensure key stakeholders are involved in the research lifecycle and the real needs of 
end users are captured and addressed. UCD methods need to be adapted to cope with unique 




educated users and work in environments with intermittent or no cell phone connectivity. 
Technology should be developed for easy deployment and tested for failure in harsh 
environments with little or no technical support [22]. 
A method to identify and prioritize information needs was developed for potential use in 
resource poor settings. This prioritization takes into account financial constraints and limited 
healthcare workforce resources. 
The maintenance of adequate quantities of antimalarial medicines and RDTs at health facilities 
in rural areas of sub-Saharan Africa can be a very challenging task because of poor supply chain 
management. Antimalarials stock-outs can lead to patients traveling long distances to get malaria 
medicines, remaining untreated, develop severe malaria or die. A novel software prototype that 
provides decision support to the health workers and supervisors to improve the management of 
health commodities through the visualization of current stock levels and the prediction of 
demand of commodities in a resource poor setting was designed, developed and its usability was 













Chapter 2. Background and Significance 
Chapter 2 presents an overview of health systems and their main components. It summarizes 
common challenges in developing countries’ health systems. One of the most serious problems 
that health systems face in developing countries is malarial disease, which is caused by bites 
from infected mosquitoes. Malaria kills approximately one child every minute in Sub-Saharan 
Africa even though it is both a preventable and a curable disease. This chapter briefly describes 
the Ghanaian Health Service strategic plan to reduce the burden of malaria through the 
improvement of control and prevention of this disease. One key objective included in this plan is 
to improve the quality of electronic health data for use in decision-making. Finally, a set of 
eHealth/mHealth tools that have helped to improve the management of malaria in resource poor 
settings of developing countries is reviewed. 
2.1.  Historical Background and Literature Review 
2.1.1. Health Systems in Developing Countries 
A health system is the combination of institutions, organizations, people and resources whose 
main objective is to improve health [23]. The WHO developed the Six Building Blocks 
Framework [24] to describe health systems components through the following building blocks: 
1) service delivery, 2) health workforce, 3) health information systems, 4) access to essential 
medicines, 5) financing, and 6) leadership/governance. Service delivery refers to the availability 
and access to health services that meet the minimum quality standard. Health workforce refers to 
the people that organize and deliver health services. The skills, knowledge and motivation of the 
health workforce are important factors that affect the capability of nations to achieve their health 
goals. A well-functioning health information system should promote the collection, management, 




multiple stakeholders at the different levels of the health system. A good functioning health 
system ensures access to quality and cost-effective medical products, vaccines and technologies. 
A good health financing system ensures that people can use needed health services without 
impoverishing themselves. Leadership and governance refers to the development of strategic 
policy frameworks, their implementation and accountability. 
The problems in health systems of developing countries are worse than those in the developed 
world. Major difficulties in developing countries, identified by the WHO, in providing healthcare 
to everyone include: the shortage of health workers, poor quality of health information, 
inadequate funding and disease burden [24]. 
In 36 sub-Saharan African countries, the shortage of skilled health professionals is so critical that 
they are unable to provide the most basic maternal, newborn and child health services [25]. The 
factors that affect these shortages include limited production of health workers, migration within 
and between countries, poor distribution of skills, and personnel losses due to career changes, 
retirement and death [25]. Most health care workers choose to work in urban areas leaving rural 
areas underserved! [26]. Factors that have affected migration of health workers to urban areas 
include: heavy workloads, lack of promotion opportunities, few training opportunities, low 
salaries, declining health services, unsatisfactory living conditions and unsafe environments [25]. 
These are serious challenges in the improvement of health systems, considering that there is a 
positive correlation between density of the workforce and health outcomes [24]. 
Sub-Saharan Africa health workers mostly use paper-based health information systems to collect 
data and create reports [27]. This may overwhelm busy health workers and limit the amount of 
time available for patient care. Data collected is usually inaccurate and incomplete. There are 




In developing countries, limited funding remains one of the main obstacles to universal access to 
healthcare. Even with increased external assistance since 2000, complete coverage of the basic 
health interventions in low-income settings does not exist [28]. As a result, individuals with 
inadequate financial resources lack access to healthcare. These inequalities help to explain the 
slow progress in reducing child mortality in sub-Saharan Africa. 
Developing countries face a double burden of diseases in their already fragile health systems. 
This double burden refers to the management of both communicable diseases (CD) and non-
communicable diseases (NCD). Disease burden can be measured with morbidity and also with 
disability adjusted life years (DALY), which means one year of healthy life lost. This 
measurement includes years lost for premature death and years lived with poor health or a 
disability [29]. 
The most common CD, also known as infectious diseases that contribute to the disease burden in 
developing countries are: human immunodeficiency virus! (HIV), tuberculosis! (TB) and malaria. 
The higher incidence and death rates of HIV and malaria are focused in sub-Saharan Africa. In 
regards to tuberculosis, it is widely spread with a concentration in south and southeast Asia [30]. 
HIV prevalence was reduced in 15 out of 46 countries in sub-Saharan Africa between the years 
2005 and 2015 [31]. 
There is a growing disease burden caused by NCD. Approximately 80% of NCD deaths occur in 
developing countries [32]. The main NCD also known as chronic diseases found in developing 
nations include: cardiovascular diseases, cancers, respiratory diseases and diabetes. Some of the 
main causes of NCD are: population ageing, unhealthy diets, lack of physical activity and the 
consumption of tobacco [32]. NCD burden could cause premature deaths, financial burdens in 




Despite the creation of effective treatments and vaccines to control and reduce disease burden in 
the developed countries, some advances in science and technology are not translated to 
developing countries, primarily due to funding [30]. 
2.1.2. The Malaria Program in Ghana 
Populations at risk of severe or fatal malaria infections include children, pregnant women and 
non-immune visitors to areas where malaria is prevalent. In 2012, there were an estimated of 
627,000 deaths due to malaria worldwide [33]. Of them 90% occurred in sub-Saharan Africa, 
and 77% were children under the age of 5. This corresponds approximately to 1300 deaths of 
children daily, or one child nearly every minute [33]. 
Between the years 2000 and 2012, malaria mortality rates were reduced by about 49% and the 
malaria incidence rates were reduced by 31% in the WHO African Region [34]. The prevention 
and control measures for malaria inclusive of vector control interventions, diagnostic testing, and 
treatment with artemisinin-based combination therapies (ACTs) contributed to these rate 
reductions [34]. 
Malaria is the leading cause of morbidity and mortality in Ghana. In 2008, 30.3% of all deaths in 
children under 5 years of age, and 5.98% of all deaths in pregnant women were due to malaria 
[35]. The main goal of the Malaria Control Program of the Ghana Health Service (GHS) is to 
attain the Millennium Development Goal of reducing death and illness due to malaria by 75% by 
2015 [35]. Specific aims for 2015 include: 1) a minimum of 85% of children under 5 years of 
age and pregnant women should sleep under Insecticide Treated Nets (ITNs); 2) all pregnant 
women should receive chemoprophylaxis or Intermittent Preventive Treatment (IPT); and 3) 
90% of people with uncomplicated malaria should receive appropriate and effective treatment 




Ghana has a strategic plan for malaria control [34] that mainly targets improvements to 
prevention, access to treatment and development and sustainability of partnerships. The plan 
includes: ensuring health facilities have RDTs and access to microscopes, the provision of 
effective antimalarial drugs, training human resources for giving better treatment and to manage 
laboratory diagnostics, scaling-up of community-based treatment of malaria in all districts 
targeting children under five years old that live in rural areas, scaling-up the access to ITNs, 
quality improvement of the captured health data and its use in operational research for decision-
making. 
2.1.3. The Role of eHealth/mHealth in Improving the Quality of Malaria Programs 
There is a need for reliable healthcare data at all levels of provision [2]. Some studies have 
demonstrated that the access to timely, complete and accurate data can improve healthcare 
delivery [3, 4]. High quality of data can help improve decision-making at the point of care and 
improve patients’ outcomes. Information tools that seamlessly integrate into the workflow of 
healthcare workers are essential to achieving this goal [5]. This section contains a review of 
eHealth/mHealth solutions that have contributed to the improvement of malaria management in 
resource poor settings. 
In sub-Saharan Africa, health workers’ malaria case-management practices often differ from 
national guidelines. A group of researchers from Oxford University, Boston University and 
Kenya performed a cluster-randomized clinical trial in which they assessed whether text-
message reminders sent to health workers’ mobile phones could improve and maintain their 
adherence to treatment guidelines for outpatient pediatric malaria in Kenya [36]. In the 
intervention group all health workers received text messages on malaria case-management for 6 




outcome was correct management with Artemether-Lumefantrine. The adherence of the health 
workers to the guidelines was improved and maintained. Possible explanations for the 
intervention’s success included: addressing health worker’s forgetfulness, emphasizing the 
clinical importance and providing a voice of authority. To the best of the author's knowledge, 
this research study did not turn into a commercial product. 
Novartis developed SMS for Life in collaboration with public and private partners, among them 
Roll Back Malaria (RBM) Global Partnership, IBM (International Business Machines), and 
Vodafone. It uses mobile telephones, Short Message Service (SMS) messages and electronic 
mapping technology to facilitate provision of comprehensive and accurate stock counts from all 
health facilities to each district management team on a weekly basis. It has given healthcare 
workers visibility into antimalarial stock levels and has led to more efficient stock management. 
A 21-week pilot study was performed on 129 health facilities in rural Tanzania. The system 
consisted of two components, a SMS management tool and a web-based reporting tool. It 
displayed current and historical data on stock levels of antimalarial medicines at both health 
facilities and districts. Health workers were required to respond to a weekly SMS message that 
asked for their current stock of antimalarial drugs. They received a credit to their cell phones if 
they sent the required information on time. The system also provided weekly reports to the 
District Medical Officer concerning health facilities that did not provide a stock count as well as 
health facilities that experienced stock-outs. Results from the study showed a reduction of stock-
outs from 78% at first week to 26% at week 21 [37]. SMS for Life has reduced the stock-out 
problem and its implementation has been extended to other sub-Saharan countries such as 
Kenya. The Kenyan SMS for Life project also considered that stock-outs could occur due to 




and basic information on test results and treatment [38, 39]. The SMS for Life service is 
currently commercialized by Vodafone [40]. 
The FrontlineSMS:Medic tool was developed using the FrontlineSMS1 platform. The main 
purpose of FrontlineSMS:Medic application was to enhance the coordination of care between 
health workers and members of the community. A pilot study was performed at St. Gabriel's 
Hospital in Malawi with 75 Community Health Workers (CHWs) and a home based care (HBC) 
nurse. The health workers received training in the tool and also elaborated a set of use cases for 
the pilot that included: requests for acute care, appointment reminders, patients/CHWs queries to 
the physicians and treatment adherence. The pilot study lasted for 6 months. The health workers 
reported savings in fuel, time and the enrollment of new patients. The hospital reported net 
savings of approximately $2750 dollars [41]. Medic Mobile, a non profit company, was created 
to improve and commercialize FrontlineSMS:Medic. The application took the same name as the 
company. The current features of Medic Mobile include: a mobile app containing a list of 
prioritized tasks and feedback about the tasks' progress; a web app with dashboards of impact 
indicators, stock monitoring, disease surveillance, nutrition, antenatal care, and performance 
indicators. Finally, the platform includes a text-messaging app for communication between the 
health workers and their patients [42]. 
ChildCount+ (CC+) [43] is a tool that supports health teams to improve the management of 
community-based care. It is built on top of RapidSMS. It uses specially formatted text messages 
that are sent to a server and interprets them in order to perform specific actions. The system 
supports the registration of children under 5 years of age and pregnant women. It allows the 
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collection of information about pregnancies, childbirths, child nutrition screening, malaria RDTs 
results and deaths. The system gives job aids to health workers. The server generates reports on 
CHW performance as well as weekly reports that provide information of clients requiring further 
assistance.  
HealthLine is a speech-based telephone information system that provides medical information to 
low-literate CHWs. The primary aim of this system is to improve healthcare in remote rural areas 
where some frontline health workers have low levels of literacy and could receive continuing 
health education via voice. HealthLine is currently being evaluated in rural Pakistan [44]. 
CommCare is a mobile platform widely used in developing countries to manage community 
home-based care and social support. It runs on Java-Enabled phones and Android phones and 
tablets. CommCare uses text, images and video to support the work of health workers with 
diverse levels of literacy [45]. 
2.1.4. eHealth/mHealth Supply Chain Tools 
Maintenance of adequate quantities of health commodities at the point of care in remote rural 
areas is a major barrier to the successful management of diseases in resource poor settings. For 
example shortages of antimalarial medications at rural clinics may lead to severe malaria cases, 
resulting in organ damage and death. Effective information systems in health commodity supply 
chains are necessary to address this challenge. 
The main components of a logistics cycle of any drug supply system are 1) selection; 2) 
procurement; 3) distribution; and, 4) use [46]. Selection refers to the process of deciding what 
products should be available and in what quantities. Procurement consists of choosing health 
commodities to ensure that they meet standards of quality, buying appropriate quantities, and 




adequate amounts of health commodities. A review on forecasting methods can be found in the 
next subsection (Section 2.1.4.1). Distribution systems have the following main components: 
system type, inventory control, storage and transport. System type refers to geographic location 
and population of the distribution area, system levels (i.e. international, national, regional, 
district, community), centralization degree and push versus pull systems. In the pull system, each 
system level can make requisitions of health commodities of any type and quantity. The pull 
system requires staff members capable of managing inventory and demand needs. It requires that 
supply sources (e.g., a warehouse in the system, a commercial supplier) have enough health 
commodities to meet the project’s needs. It is important that staff are supervised and monitored. 
The quality of decision-making will depend on the quality of the data. In push systems the 
supply sources determine the types and quantities of health commodities to be transported to 
lower levels. Health commodities are delivered according to a plan made at the start of the 
planning period. The push system is recommended to distribute limited amounts of health 
commodities. For example, a push system could be used to distribute pre-packaged kits for a 
disaster relief. Some countries use a combination of push and pull in their supply chain system, 
for example, regional and district hospitals determine their needs and make requisitions (pull 
system) and a kit of primary health commodities are given periodically to hospitals (push 
system). Use includes: prescribing, dispensing, educating patients and monitoring treatment [47, 
48]. 
The following subsections will review health commodities forecasting methods and current 
eHealth/mHealth supply chain visualization tools. 
2.1.4.1. eHealth/mHealth Supply Chain Forecasting Methods 




time. Effective forecasting of antimalarial commodities is currently a challenging task because 
the data needed for quantification is usually of poor quality [49]. Moreover, the transmission of 
malaria depends on seasonal and geographical factors (e.g., temperature, rainfall patterns, floods, 
etc.). Furthermore, the implementations of successful malaria control interventions are 
contributing to the changing epidemiology of malaria. Therefore, there may be different demands 
of malaria commodities in various areas of a country and at different times of the year [49].  
The forecasting of malaria commodities can be performed through the following primary means: 
the Consumption Method, the Morbidity Method, or a combination of both. Additionally, the 
Proxy Consumption Method, is a variation of the Consumption Method. The selection of the 
forecasting method depends on the availability of reliable data [48]. 
The Consumption Method uses historical consumption data of health commodities to determine 
future need. Data for the consumption method could be obtained from manual tools and/or 
information tools. Manual tools are filled out using observations and physical counts. They 
include: forms and reports with information about dispensing records, inventory stock cards, 
consumption reports. Electronic tools are reviewed in section 2.1.4.2. 
The Consumption Method works best for those health commodities that have constant 
consumption patterns. This method should be used if consumption data is available and of good 
quality. It is important to note that the Consumption Method can produce an underestimation or 
overestimation of demand if the data is unreliable. One of the challenges with consumption data 
include health workers usually breaking up the ACTs blister packs if the required ones are not 
available. For example, if four 1 x 6 ACT blister packs are dispensed to an adult instead of one 4 
x 6 ACT blister pack; this could be misinterpreted as if four children were treated for simple 




incomplete. One example is when there are extended periods of stock-outs for a specific health 
commodity in a clinic. The consumption data will not reflect the monthly demand for that health 
commodity in that clinic, because during the stock-outs periods, there may be some patients that 
need that health commodity and should get it from a different source. Another example of 
incomplete consumption data is when less than 50% of the CHWs submit their monthly health 
commodities consumption report. The consolidated health commodities consumption report for 
all the CHWs in that community, would not reflect the monthly demand of health commodities 
in that community [48]. 
The Morbidity Method is used when consumption data does not exist or is not sufficiently 
reliable. For example, this method is frequently utilized in new or rapidly changing programs and 
when new or modified treatment guidelines are introduced. 
The Morbidity method estimates the need for health commodities, taking into consideration 
factors such as disease incidence, patient attendance and standard treatments. These types of data 
can be found in the following sources: demographic health surveys (DHS)2, population surveys, 
laboratory results, surveillance data and Health Management Information Systems (HMIS)3. 
However, the morbidity method also possesses certain disadvantages. Sometimes accurate and 
complete morbidity and attendance data are unavailable. The data in population censuses and in 
surveys such as DHS and malaria indicator surveys may be outdated; thus, adjustments should be 
made in projections. The breakdown of morbidity data into different groups may not be flexible. 
This is a challenge because ACTs dosages depend on patients’ ages or weights. Morbidity data 
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population demographics. 




by age or weight group is required for estimating the demand of ACTs with the morbidity 
method, but the availability of these datasets is limited. The estimation is usually made based on 
standard treatment, but in reality health workers may not be using the standard treatment [48]. 
The Proxy Consumption Method is used when there is an acute information deficit and therefore 
neither the consumption nor the morbidity method is recommended. This method uses data from 
a comparison area/system on consumption, disease incidence, expenditures or a combination of 
these datasets to extrapolate the required demand [48]. 
To obtain a more accurate prediction of the health commodities to order, it is recommended to 
cross-check results of both the consumption and the morbidity methods [49]. More reliable 
datasets for forecasting can be obtained with integrated systems that connect the EMR, the 
dispensary and the inventory control applications. To maintain appropriate quantities of health 
commodities at health centers and avoid stock shortages, besides good forecasting, it is important 
that each level of the supply chain system keeps adequate safety stock. Moreover, the lead time 
consisting of the waiting period from when drugs are ordered to when they arrive should be kept 
to a minimum. Finally, it is necessary to consider information regarding seasonality and potential 
losses (e.g., storage expiration, spoilage, theft, etc.). 
2.1.4.2. eHealth/mHealth Supply Chain Information Systems and the role of Visualization  
The eHealth/mHealth supply chain management information systems can contribute to a better 
management of the supply chain. These tools can be classified in: pharmaceutical management 
information systems (PMIS) and logistics management information systems (LMIS). PMIS can 
integrate consumption, inventory, and clinical data. PMIS can enable decision-making for 
pharmaceutical services at all levels of a country's health system. PMIS can provide information 




support the monitoring and evaluation of pharmaceutical management processes [50]. A LMIS 
records data of health commodities that are dispensed to patients and manages patient, 
laboratory, finance and operations data. A PMIS contains a LMIS subcomponent.  
Visibility of stock levels is an important factor in supply chain management information systems, 
because it can support a more effective inventory control, which can also help minimize stock-
outs [37]. There is a need for appropriate visualization tools for different users and their 
corresponding computer literacy levels. It is very important to design highly usable applications 
for both health workers and supervisors in order to increase the possibility of adoption [51]. 
Simplification of user interfaces is very important regardless of the user’s role or position in the 
health system [52]. Visualization is a key feature to improve the logistics data visibility for more 
efficient identification of supply chain anomalies. Table 2.1 contains a review of available health 
commodity supply chain management information systems. The list contains information about 
the system capability to manage inventory and forecast demand. It also contains the type of 














Table 2.1 Health commodity supply chains information systems 
















Designed to support the management 











Provides disease surveillance.  
Monitors commodities. 
Reports on disease indicators and in 
stock levels of ACT. 
Used in Uganda. 
[55] 
OpenBoxes Yes No 
Web 
application 
Manages inventory of medical 
supplies and drugs at warehouses in 
Haiti and Miami.  
Tracks requisitions, shipments. 
Transfers of supplies to hospital 
wards, pharmacies, and laboratories. 
[56] 
ePICS6 Yes No 
Touchscreen 
application 
Management system developed by 
Baobab Health Trust. 
Manages pharmacy inventory. 
Uses a touchscreen user interface. 
Gives warnings when running low on 
supplies. 
Promotes best practices to reduce the 
number of expiring drugs. 
[57] 
OpenMRS7 No 










Electronic Medical Record system 
widely used in developing countries. 
Created by an initial collaborative 
effort between the Regenstrief 
Institute, PIH8 and the South African 
Medical Research Council (SA-
MRC). 
Data model adheres to the standard 
HL79.  
It uses a dictionary of data concepts. 
[53, 58] 
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4 PIH-EMR - Partners in Health Electronic Medical Records 
5 MDR-TB - Multidrug Resistant Tuberculosis!
6 ePICS - Electronic Pharmaceutical Inventory Control System 
7 OpenMRS - Open Medical Record System 
8 PIH - Partners in Health 



















Drug management information 
system used in health facilities and 
pharmacies in Africa. 
System developed by medICT in 
the Netherlands. 
[59] 
ORION Yes No 
Desktop 
application 
Pharmaceutical stock management 
system developed by Management 
Sciences for Health. 
Links warehouses at the national 
and regional levels. 
Support in stock ordering. 
[49] 
mSupply Yes 






A standard inventory control 
system for medical supplies 
developed by the Sustainable 
Solutions in Nepal & New 
Zealand. 
[60] 





Displays current and historical 
data on stock levels of antimalarial 
medicines at the health facilities 
and the district. 
Piloted in Tanzania and then 
implemented in Kenya. 
Kenya added reports of RDT 
stocks and basic information on 










Implemented by JSI10 Research 
and Training Institute Inc., GHS, 
USAID11/Deliver Project.  
Based on Dimagi’s Commtrack 
logistics system.  
Built with the goal to improve the 
reporting of stocks in health 







10 JSI - John Snow, Inc. 



















Implemented in Tanzania by 
USAID|Deliver Project and the 
Ministry of Health and Social 
Welfare to improve the visibility 
of logistics data to support deci-
sion making.  
Based on Dimagi’s Commtrack 
logistics system.  
Allows the management of pro-
curement process and the trans-
mission of reminder messages to 
improve the timeliness of the faci-
lities’ quarterly reports and requi-
sition forms. 
[61] 





A system for disease surveillance 
and medicine tracking.  
Based on Dimagi’s Commtrack 
logistics system. 
Implemented by UNICEF13 and 
the Ministry of Health in Uganda. 
[61] 
cStock Yes 








Implemented by JSI Research and 
Training Institute Inc., with the 
objective of improving supply 
chains for community case 
management of pneumonia and 
other common childhood diseases.  
Based on Dimagi’s Commtrack 
logistics system.  
Calculates the needs to resupply. 
SMS messages are automatically 
sent to the health center enabling 
staff to pre-pack orders for the 








12 ILSGateway - Integrated Logistics System Gateway 




Table 2.1 (Continued) 







ODK Scan14 Yes No Mobile 
application 
This application digitalizes forms to 
understand the current consumption 
of commodities and improve their 
availability.  
The objective is to expedite the data 
















An open source system that 
manages health commodities logis-
tics from the point of origin to the 
point of consumption.  
Developed by contributions of 
VillageReach, ThoughtWorks and 
JSI.  
It has been adapted to the needs of 
Tanzania and Zambia and is known 
in both countries as eLIMS. 
The eLIMS uses a pull-based model 
to manage replenishment orders of 
health commodities. 
OpenLMIS has also been imple-
mented in Mozambique, where is 
known as SELV. 
SELV uses an informed push dis-
tribution system, in which logistics 
specialists check on current health 
commodities in health facilities and 







14 ODK Scan - Open Data Kit Scan!
15 OpenLMIS - Open Logistics Management Information System 
16 eLMIS - Electronic Logistics Management Information Systems 





Chapter 3. Study 1 - Identification and Prioritization of Information Needs of MVP 
Malaria Program 
This chapter describes Study 1, whose main objective was to identify and prioritize information 
needs of the MVP Malaria Program. The chapter reviews a series of methods used for 
information needs assessment and introduces a new method developed for use mainly in resource 
constrained environments. Finally, the chapter presents the MVP Malaria Program challenges 
and information needs found in the study, including priorities and proposed eHealth/mHealth 
tools for malaria management. 
3.1. Study 1 Introduction and Background Information 
3.1.1. The Importance of Prioritizing Health Information Needs in Developing Countries 
LMIC have numerous challenges in their health systems, as outlined in Chapter 2. It is critical to 
understand the challenges of a nation’s healthcare system in order to know where and why 
investment is necessary. One of the most common challenges that health systems face in 
developing countries is acute budget restrictions. Governments are constantly examining ways to 
get the most out of their existing resources. In addition, there exist competing health systems’ 
priorities, which often prevent the adoption of innovations [64, 65]. The prioritization of 
information needs to solve challenges in health systems is thus paramount to understand. The 
following section details a review of Information Needs Assessment Methods. 
3.1.2. Information Needs Assessment Methods 
A needs assessment is a systematic set of processes to identify gaps in performance and to 
establish new performance needs [66]. Such assessments enable organizations to set their 
priorities on identified needs that improve programs and/or organizations [67]. Information needs 




information needs [68]. Location, social and cultural factors can influence the variability of 
information needs. Typically, resources are limited; it is important that stakeholders have broad-
based participation in the needs assessment process to ensure that their needs are taken into 
consideration.  
Researchers conduct needs assessments utilizing different approaches. Frequently, a multi-
methods approach is recommended; however, choosing a specific methodology depends on 
contextual factors specific to the project undertaken. Such factors may include: project scope, 
time, budget and researchers’ preferences [69]. The primary methods will be discussed as 
follows. 
Written surveys are considered one of the least expensive data collection methods. These can be 
administered to a large group of respondents and the presence of the needs assessment researcher 
is not necessary. Disadvantages to this method include that mailed written surveys can be easily 
discarded; if they are too short they may not be useful; if too long, they may be ignored [67].  
Personal interviews permit researchers to add probes to the interview questions in the event that 
more detailed information or clarification is needed. It is a method convenient for interviewees 
with visual disabilities or who are illiterate. The interviewer can also record nonverbal behaviors. 
However, personal interviews are more time consuming and costly to perform than written 
surveys. Additional costs may involve hiring and training interviewers, performing transcriptions 
and transportation. Moreover, scheduling personal interviews may be difficult. Finally, responses 
may suffer from biases; for example, interviewees may feel embarrassed to express their true 
opinions [67].  
Another method used in needs assessment is focus groups. Usually, the focus group interview 




interviewees as well as among interviewees themselves. Sessions last about 2 hours. Interviewers 
add probes to the main questions and interviewees have the advantage of hearing the opinions of 
others and exchanging ideas. Different challenges arise in the use of focus groups, among them 
dominating or reluctant participants and the acceptance of opinions without critical thinking [67]. 
Observations allow the collection of contextual data that minimizes interruptions. At the same 
time, the behaviors of participants being observed may be affected by researchers’ observations. 
This bias is known as Hawthorne effect [70].  
Methods used to analyze qualitative data usually involve the coding of themes and how to 
properly aggregate the data. Also, researchers should decide on the type of statistics that would 
be most appropriate for their studies, including the use of means, percentages, rank orders, 
analysis of subgroups, analysis of variance, among others. 
 The Delphi technique is a consensus building needs assessment method consisting of a set of 
survey rounds. A panel of experts is formed to aid decision-making based on their knowledge 
and experience. The panel answers written surveys and provides feedback on group responses. 
The survey rounds continue until achievement of consensus or stability of responses is achieved 
[71]. The Delphi method has been used to assess and prioritize information needs in different 
disciplines [72]. Some disadvantages to this method include the possibility that panelists are 
pressured to conform instead of expressing true agreement. In addition, the Delphi method can 
be time consuming and costly, depending on the size of the survey, the number of rounds and the 
number of questions [73].  
Another method that has been used to determine information needs and inform the requirements 
of systems is the systematic literature review. It is a means to identify gaps, evaluate, summarize 




approach to investigate the information needs of public health practitioners with the objective to 
inform the design of a digital knowledge management system [76]. 
Social Network Analysis (SNA) refers to another method used to analyze information needs. 
This type of analysis uncovers characteristics of the network structure and key stakeholders who 
facilitate or inhibit the flow of information. Further, SNA informs researchers what users share 
similar information needs when identifying groups of individuals that perform similar activities 
and that need similar information services [77]. SNA has not been widely used in the software 
engineering domain to prioritize software development requirements [78, 79]. StakeSource 2.0 is 
a web application that uses SNA to identify and prioritize requirements. Stakeholders can add 
requirements and then rate them. The rating of requirements is weighted to consider the 
influence of the stakeholder in the software project. The software has a five-star rating and an 
option to vote for the removal of a software requirement. Other features include recommending 
requirements and highlighting stakeholders in conflict [79]. 
The literature on information needs assessment recommends selecting appropriate methods for 
data collection as well as broad-based participation of stakeholders. Part of this dissertation was 
to investigate the information needs of the MVP Malaria Program in Bonsaaso, Ghana. Personal 
interviews were used for the data collection process and network analysis was utilized to 
prioritize information needs. 
3.2. Study 1 Methods 
A needs assessment study to identify and prioritize health information needs of the MVP Malaria 
Program was performed at the Bonsaaso, Ghana cluster. To select the appropriate key informants 
for the personal interviews, the International Development Research Centre (IDRC), Outcome 




Malaria Program in Bonsaaso, Ghana. As defined by Carden et al, “Boundary partners are those 
individuals, groups, or organizations with whom the program interacts directly and with whom 
the program can anticipate opportunities for influence” [81]. In the context of this research, 
boundary partners are stakeholders that directly influence the halt and reduction of malaria 
incidence. The main objective of identifying boundary partners is to identify the stakeholders 
that have a higher impact in solving problems in the MVP Malaria program. They are the 
potential users of a set of information tools resulting from the information needs assessment. A 
semi-structured interview instrument that leveraged on previous work on the OASIS II project 
[82] was developed. Key informants (n=40) for the interviews were selected from the group of 
boundary partners. A purposeful sampling approach to select the interviewees was used. 
Individual participants were selected based on their potential to contribute relevant data. 
Interviews were conducted in English and in Twi, the native language of Ghana (See Appendix 
A for interview instrument). The interviews were performed at five clinics: Keniago, Datano, 
Watreso, Tontokrom and Akyerekyerekrom. Groups interviewed at the clinics were comprised of 
midwives, CHWs, clinic CHWs and community health nurses (CHNs). Healthcare providers at 
St. Martins Hospital were also interviewed, among them a nurse, a doctor and a midwife. A 
group of researchers in Kumasi and in New York City (NYC) were also interviewed. Key 
stakeholders from the health management team in Ghana and in NYC were also interviewed. 
Among the interviewed group of managers in Ghana were the science coordinator, the health 
coordinator, the laboratory technician, the telemedicine manager, the pharmacy technician, the 
CHW manager, the data analyst, the database manager and an entry clerk. Key stakeholders 
interviewed from the NYC team were the Monitor and Evaluation (M&E) director, the director 




The study had a protocol to protect human subjects approved by Columbia University 
Institutional Review Board (IRB). All subjects signed an informed consent form before starting 
the interview.!
All interviews were recorded and transcribed into English, 37 of which were performed face-to-
face and three via Skype. Data was also collected using hand-written notes, and photos were 
taken of registries, medications, clinics and health workers. The data collection process began in 
November 2011 and ended in February 2012. 
Transcripts were analyzed using the content analysis approach. This technique consists of a 
systematic review of information collected through different methods, with the objective to find 
themes, patterns or biases [83]. The interviews were analyzed using NVivo software [84]. 
Each stakeholder’s private opinions about the intensity of their malaria related tasks and the 
importance to improve those tasks were aggregated. A SNA tool was used for the aggregation 
into a collective decision. 
Two bipartite networks of stakeholders and tasks were created from the interview data. The 
stakeholders (S) and tasks (T) were represented as nodes and their recommendations as directed 
edges: S1 links to T1 if S1 performs task T1. The task intensity bipartite network is a directed 
weighted network where the weight N of the link represents the intensity of the task T1 for 
stakeholder S1. The importance to improve tasks with eHealth tools bipartite Network is a 
directed weighted network. The weight N of the link represents the level of automation 
importance suggested by the stakeholder S1 for the T1. The Organizational Risk Analyzer 
(ORA) network analysis program was used for the analysis [85]. This software was selected due 




The task intensity measure (TI) was calculated multiplying the frequency intensity measure (FI) 
by the task complexity measure (TC). 
TI = FI * TC 
FI was obtained normalizing the frequency to the quarter as follows: daily 65, weekly 13, 
monthly 3 and quarterly 1. 
The TC measure was collected in the key informants’ interviews to determine the difficulty each 
user had with a specific malaria related task. A TC measure was not collected for reports, but a 
time frame to create reports was specified. Table 3.1 highlights the conversion between these 
measures. If the interviewee did not report complexity for a specific task, a default level of 1 was 
assumed. 
High workloads could negatively affect the quality of healthcare services [86, 87]. For this 
reason the first prioritization was done by the boundary partners groups with higher task intensity 
(workload).  
Table 3.1 Equivalence between task complexity and reported time frame to create reports 




frame to create 
reports 
1 Less than 30 min 
2 30 min – 1 hour 
3 1 hour – 1/2 day 
4 1/2 day – 1 day 
5 More than 1 day 
 
The three groups of boundary partners with higher out-degree centrality were selected and sub-
networks of task intensity and of priority to automate were created. Sub-networks’ in-degree 
centralities were then calculated and tasks were ranked based on task intensity and on priority to 




rankings were combined for both task intensity and priority to automate. The final prioritized list 
of tasks was associated with the qualitative data from the key stakeholders interviews. The data 
contained the primary challenges and information needs related to those tasks. Finally, a group of 
eHealth and mHealth tools were recommended and presented to the eHealth team in Bonsaaso, 
Ghana. Based on the final prioritized list of tasks, an eHealth/mHealth intervention was selected 
for this dissertation. 
3.3. Study 1 Results 
The findings in Study 1 correspond to most of the research questions contained in Aim 1. 
Research results were organized in the corresponding dimensions of the Sittig and Singh’s 8-
dimension STM. 
People Dimension 
Research Question: Who are the stakeholders that directly influence the halt of malaria and 
reduction of its prevalence? 
A list of boundary partners, those stakeholders that most likely have a higher impact in reducing 
malaria prevalence, was identified (see Table 3.2). 
Table 3.2 List of boundary partners identified at MVP Bonsaaso, Ghana Malaria Program 




CHEW and CHW are abbreviations that refer to the same role and are 
used interchangeably. CHWs are frontline health workers that provide 
basic health services in rural communities. They are trusted in their 
communities and in some remote villages they are the only access to 
health services. 
CHNs The CHNs are the immediate supervisors of the CHWs. They also support work at the clinics. 
Clinic CHWs The clinic CHWs were assistants at the clinics offering basic health services. The enrolled nurses replaced them. 






Boundary partner Description 
Database manager Person in charge of the management of data at the MVP Bonsaaso, Ghana. 
District health officer 
(DHO) Oversees and manages the healthcare services at the district. 
Entry clerk Person in charge of manual entries of paper based forms. 




This role was renamed from laboratory technician to malaria focal 
person. The terms laboratory technician and malaria focal person are thus 
used interchangeably in this dissertation. This person is in charge of the 
laboratory that performs the analysis of malaria blood tests results. The 
malaria focal person also manages the supply chain of RDTs. 
Midwives 
They are frontline health workers that work at the clinics. They are the 
main caregivers in some of the MVP Ghana clinics (currently, there are 
doctors working in some of the MVP clinics, in the past the midwives 
were the main healthcare givers). 
NYC researcher Performs research activities in malaria at Columbia University. 
Pharmacy 
technician/Supply 
chain manager (SCM) 
This role was renamed from pharmacy technician to SCM. Both terms are 
used interchangeably in this dissertation. This person is in charge of 
managing the supply chain of medications. 
Regional health 








This role was renamed from telemedicine manager to eHealth manager. 
Both terms are used interchangeably in this dissertation. The eHealth 
manager is in charge of the technical support of eHealth/mHealth 
applications and trains end users on the use of technology. 
 
Research Question: What are the obstacles and challenges the stakeholders face when 
performing malaria related tasks? 
From the analysis of the interviews with key stakeholders, the challenges related to the 
performance of malaria related activities were categorized into the following themes: healthcare 
delivery, data quality, technical problems, and workforce-related problems. Table 3.3 shows a 
relationship between the challenges and the boundary partners/key stakeholders that have 





Table 3.3 Reported challenges in the MVP Bonsaaso, Ghana Malaria Program 
Challenge category Challenge in malaria related tasks Boundary partners that reported the challenge 
Healthcare 
Delivery Challenges 
Difficulty managing prescriptions CHEWs 
Trouble with misdiagnosis of malaria CHNs, CHEWs 
Drug and RDT test shortages 
DHO, science coordinator, health coordinator, laboratory 
technician, pharmacy technician, midwives, CHNs, clinic 
CHWs 
Following up patient challenges Midwives, CHNs, CHEWs 
Referring patients challenges CHEWs 
Some patients do not follow advice Midwives 
Monitoring/educating communities on the 
importance of utilization of bed nets 
Regional health coordinator, CHNs, clinic CHWs, 
CHEWs 
Data Quality 
Poor timeliness of reports 
Regional health coordinator, DHO, science coordinator, 
health coordinator, laboratory technician, midwives, 
CHNs, clinic CHWs, CHEWs, entry clerk 
Miscalculations and errors in aggregated 
data 
Regional health coordinator, DHO, health coordinator, 
telemedicine manager, midwives, clinic CHWs, CHEWs, 
data analyst, database manager, NYC researcher 
Data are incomplete DHO, health coordinator, data analyst, CHNs, clinic CHWs, CHEWs, laboratory technician, NYC researcher 
Some forms are illegible 
Regional health coordinator, DHO, telemedicine manager, 
midwives, clinic CHWs, CHEWs, data analyst, entry 
clerk 
Errors are introduced when data are 
transferred from paper to electronic systems CHNs, CHEWs 
Technical Challenges Difficulties with connectivity to the server and cell phone network 
Science coordinator, health coordinator, telemedicine 
manager, CHNs, CHEWs 
Workforce‐related 
Challenges 
Insufficient staff Health coordinator, midwives, CHNs, clinic CHWs, entry clerk 
Poorly defined task assignments Midwives, database manager 




Workflow and Communication Dimension 
Research Question: What is the information flow among the stakeholders that support the 
MVP Malaria Program? 
An information flow network between the stakeholders of the MVP Bonsaaso, Ghana Malaria 
Program was created using SNA with Gephi [88] (See Figure 3.1). The nodes of the network 
represent the stakeholders of the MVP Malaria Program and a line between each node indicates 
an information exchange between two stakeholders. Larger nodes correspond to a higher number 
of interactions with other nodes in the network. The health coordinator had the largest size node. 
This result presumes that the health coordinator has the capacity to connect more communities or 
groups of stakeholders. The colors of the nodes represent the different communities detected. A 
community represents a group of stakeholders that tend to interact more frequently and closely. 







Internal Organizational Policies, Procedures and Culture Dimension 
Research Question: Which are the tasks and their priorities related to the stakeholders’ work 
in malaria? 
Stakeholders were ranked according to the number of malaria related tasks performed as well as 
their corresponding intensity. Values were calculated using out-degree centrality. Groups of 
stakeholders were then merged into meta-nodes using average values as task intensities for the 
group (See Table 3.4). The top three stakeholder groups with higher malaria related tasks 
intensities were: the CHWs, the clinic CHWs and the CHNs. 
Table 3.4 Relative malaria task intensity of top 10 stakeholder groups with higher task intensities 
Rank Stakeholder  Task intensity per 
stakeholder 
(normalized out-






1 CHWs 0.045 63 2.835 
2 Clinic CHWs 0.048 16 0.768 
3 CHNs 0.049 11 0.539 
4 Midwives 0.039 7 0.273 
5 DHO 0.032 1 0.032 
6 CHW manager 0.015 1 0.015 
7 NYC researcher 0.011 1 0.011 
8 Health coordinator 0.01 1 0.01 
9 Pharmacy technician 0.01 1 0.01 
10 Regional health coordinator 0.01 1 0.01 
!
Two meta-networks that represent the groups of CHWs, clinic CHWs and CHNs and their 
malaria related tasks were used to rank the tasks according to their task intensity (See Figure 3.2) 
and  their  priority  to  automate (See Figure 3.3). The  in-degree  centrality  metric  was  used  to  
calculate the rankings.
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External Rules, Regulations and Pressures Dimension 
Research Question: Which malaria interventions would account best for the constraints of low 
resources? 
Table 3.5 provides a prioritized list of tasks that considers both tasks’ rankings (intensity and 
priority to automate). The rankings were combined and the result was a prioritized list of tasks 
related to malaria that would be most appropriate to be selected for an informatics intervention at 
MVP Ghana, Bonsaaso. 












Prescribing, dispensing and administering 
drugs. 
1 1 2 
2 Refer patients. 2 2 4 
3 Diagnose patients. 4 3 7 
4 
Collect information related to malaria in 
registers. 
3 7 10 
5 
Educate pregnant women in the importance of 
ANC (Antenatal Care). 
7 5 12 
6 
Check if community members are sleeping 
under mosquito bed nets. 
6 9 15 
7 
Observe hygiene and sanitation status in 
households. 
5 12 17 
7 Screen for malaria. 9 8 17 
8 Educate on nutrition. 8 10 18 
8 Treat malaria patients. 15 3 18 
9 Assist the midwife with antenatal care clinic. 8 11 19 
10 Educate on the use of mosquito bed nets. 10 10 20 
10 Give malaria pretest counseling. 10 10 20 
 
Hardware and Software Computing Infrastructure Dimension 
Research Question: What are the current eHealth/mHealth tools that are being used to create 




At the time of the Study 1, health workers at MVP Ghana, Bonsaaso were using OpenMRS to 
collect data at clinics. Reports were done manually due to delays in the data entry process. 
CHWs used CC+ at the communities and entered their reports manually. Participants reported 
discordance between the data sent to the server and the paper form data, due largely to 
connectivity problems. The CC+ did not work offline. Some CHWs did not send the information 
to the server once they had connectivity.  
The database manager and the data analyst used the Census and Survey Processing System 
(CSPro) [89] to create reports for the managers. 
Researchers at the Earth Institute have used the Millennium Villages Information System 
(MVIS) to evaluate the MVP Malaria Program [90]. One malaria researcher shared that data was 
received on a per trimester basis and that monthly data was needed to better evaluate the malaria 
program.  
Finally, the GHS has been using the District Health Information Management System (DHIMS) 
to collect, report and analyze data.  
Research Question: Which are the potential eHealth/mHealth support tools for malaria? 
The results from the analysis of information gaps of the higher priority tasks related to malaria 
(See Table 3.5) are summarized below. 
Task Ranked # 1: Prescribing, dispensing and administering drugs 
Drug and RDT test shortages  
At MVP, the health commodities management is performed manually and some stock-outs of 
antimalarial commodities have been experienced. The health coordinator shared: “The problem 




chain, then you have a big problem. Yeah, because when we run out of malaria prophylaxis for 
pregnant women, one of the sites I think recorded malaria in pregnancy.” 
Difficulty managing prescriptions  
Some CHWs reported challenges managing malaria prescriptions. The CHWs did not remember 
the doses of antimalarial drugs they needed to give their patients in the community. They added 
that sometimes they were not able to reach a midwife for technical support. At the time of the 
study, health workers were using the CC+, a system that did not give decision support on malaria 
prescriptions. 
Task Ranked # 2: Refer Patients 
Patients from the community do not go to their referrals  
Possible reasons include financial constraints and lack of transportation to the referral center. 
This could bring complications, including death, to those patients with severe malaria that need 
to be promptly and adequately treated at a clinic or hospital. 
Care coordination challenges  
It was reported that some patients lose their referral forms before they reach the hospital. Also, 
some patients are not referred to the hospital on time. 
Communication failures with telemedicine center  
The telemedicine center is located at St. Martin’s Hospital, and the calls are directed to doctors 
that work at the hospital. They support the work of midwives at the clinics answering questions 
related to healthcare of patients. Some midwives reported communication problems with the 
telemedicine center. This can affect the management of malaria, such us when a midwife needs 




challenge is that sometimes that we do not have network signal to call the telemedicine center. I 
suggest that they put up an additional mast to help us get the network signal.” 
Task Ranked # 3: Diagnose Patients 
Misdiagnosis of malaria cases  
Health workers reported that they sometimes accidentally misdiagnose malaria because they 
think  a case of fever is the symptom of malaria but it is not when patient symptoms of other 
diseases were similar to those of malaria. One CHEW said: “The challenge is that patients may 
exhibit symptoms of other diseases besides malaria and the RDT would be negative for malaria 
when the patient is exhibiting malaria symptoms. In this case we treat and diagnose malaria 
based on signs and symptoms. We consult Midwife and doctor and only refer when the doctor 
says so.” 
Task Ranked # 4: Collect Information Related to Malaria in Registers  
Some clinical data at health facilities in the Bonsaaso, Ghana Cluster are still in paper registers, 
while other information is missing (e.g., age, duration of fever). Moreover, some forms are 
illegible and errors are introduced when data is transferred from paper to electronic systems. 
Task Ranked # 5: Educate pregnant women in the importance of ANC  
Some pregnant women do not go for ANC  
A CHEW mentioned: “The challenge is that at times when I counsel them on ANC attendance, 
some will go others will not go; and sometimes I have to follow some to make sure they go.” 
Not all pregnant women are being educated on ANC importance  
A CHN shared: “The challenge is that it is hard to reach pregnant women in other communities 




Task Ranked # 6: Check if community members are sleeping under Mosquito Bed Nets 
Community members do not allow access to their sleeping sites. Some people have mosquito bed 
nets but do not use them. This task is deemed difficult; although education is given to the 
community, there are community members that do not use the mosquito bed nets provided. 
Stock-outs of mosquito bed nets were also reported. The monitoring of mosquito bed nets was 
already automated, though at the time of the interviews this was not deployed yet. 
Task Ranked # 7: Observe hygiene and sanitation status in households 
Members of the community do not follow advice  
A CHEW mentioned: “The challenge has been that some household members store water that 
breed mosquitoes and cause malaria, and it is difficult to convince them to desist from that 
activity.” 
Task Ranked # 7: Screen for malaria 
Misdiagnosis of malaria cases  
A CHN shared: “The only problem is you check for RDT and the results [sic] is invalid, and 
sometimes the RDT misdiagnose patients.” 
Stock-outs of buffers in RDT kits  
A buffer is a special solution that contains a hemolyzing compound and a specific antibody. The 
buffer solution is mixed with the patient blood to obtain the diagnosis of malaria. Sometimes 
buffers do not come with the RDTs. The use of an incorrect solution can cause inaccurate 
malaria diagnosis. 
A clinic CHW mentioned: “The only challenge is that sometimes the sheets/forms get finished 




Task Ranked # 8: Educate on Nutrition  
Patients do not follow advice  
Possible reasons for this may be financial constraints and low levels of education. 
Task Ranked # 8: Treat Malaria Patients 
Lack of adherence to treatment  
One midwife stated: “The challenge has been that some patients do not follow prescriptions of 
drugs. The only problem we will be having is when patients do not take their medicine.” 
Erroneous treatment given by herbalists  
The district health officer (DHO) mentioned: “There are herbalists who have the right 
medications and there are herbalists who do not have the right medication. So those people know 
the medicines for the treatment of almost all, but the issues are the quacks. Those who have no 
knowledge. They give medications they think is right, but sometimes the medication is not 
effective and the person has to go to the hospital, by that time it would be severe.” 
Task Ranked # 9: Assist the midwife with antenatal care clinic 
The challenge reported for this activity was insufficient staff. 
Task Ranked # 10: Educate on the use of Mosquito Bed Nets  
Community members do not follow advice  
Community members receive mosquito bed nets and education on the importance of their use; 
however they are not using them. 




Aim 1 of this dissertation was, “To investigate and prioritize the health information needs for 
malaria management in the Millennium Villages Project in Bonsaaso, Ghana.” Study 1 provided 
answers to research questions in Aim 1. Research questions were guided by Sittig and Singh’s 8-
dimension STM framework and classified under the model’s dimensions.  
The people dimension research questions defined the key stakeholders to include in the study and 
their challenges to perform malaria related tasks. One research question classified under the 
people dimension asked, “Who are the stakeholders that directly influence the halt of malaria and 
reduction of its prevalence?” Table 3.2 includes the list of the identified boundary partners with 
their names as well as brief descriptions of their roles. The approach used to answer this question 
was appropriate because boundary partners are those stakeholders who will most likely have 
more influence in solving problems in the MVP Malaria Program. Therefore, they are the best 
individuals to consult concerning the various information needs and challenges of the MVP 
Malaria Program.  
Another research question classified under people dimension asked, “What are the obstacles and 
challenges the stakeholders face when performing malaria related tasks?” Analysis of personal 
interviews with key stakeholders (boundary partners) identified a number of major themes that 
emerged as problems in the MVP Bonsaaso, Ghana Malaria Program, including healthcare 
delivery challenges, data quality problems, technical problems and workforce-related problems 
(See Table 3.3). Health workers in the communities reported problems diagnosing malaria 
patients and managing prescriptions, resulting in potential problems affecting malaria healthcare 
delivery in communities. Drugs and RDT test shortages were reported at different levels of 
supply, a major barrier to the effective management of malaria. Challenges also emerged in 




coordination problems make it more challenging to monitor the effectiveness of malaria 
treatment. Effective monitoring of malaria treatment ensures patient recovery and helps to detect 
any potential cases of resistance to antimalarial drugs. Another challenge reported was 
monitoring and educating communities on the importance of bed nets and their proper use. 
Solving this problem serves as a preventive strategy to reduce malaria cases. Data quality 
problems were reported at district, clinic and community levels. Examples of data quality errors 
included incomplete data, illegible forms, poor reports timeliness, and errors in aggregated data. 
Technical problems included difficulties with connectivity to the server and cell phone network. 
Workforce problems stemmed from insufficient staff, poorly defined task assignments and lack 
of personnel.  
A limitation of the study was the small sample size obtained from the MVP Ghana cluster due to 
budget constraints; however, sufficient interviews were performed until saturation was achieved. 
Another limitation of this approach is that the analysis only focused on one disease. Nonetheless, 
these results confirm the following points: (1) most of the challenges found in the study are 
problems the GHS is trying to solve at the national level [34]; and (2) these challenges are 
common to health systems of developing countries [24]. 
The research question related to the workflow and communication dimension was, “What is the 
information flow among the stakeholders that support the MVP Malaria Program?” To answer 
this question, a network of the information flow among stakeholders of the MVP Malaria 
Program was created (See Figure 3.1).  
The information flow network in Figure 3.1 helped to identify key stakeholders from the MVP 
Malaria Program to be used in later research studies. Understanding the underlying structure of 




stakeholders were performing malaria related tasks and with whom they interacted. This study 
helped to identify who were the potential end users of future eHealth/mHealth tools for malaria 
management. 
The research question classified under internal organizational policies, procedures and culture 
dimension was, “Which are the tasks and their priorities related to the stakeholders’ work in 
malaria?” Figures 3.2 and 3.3 outline visualizations of stakeholders’ networks and the malaria 
related tasks they perform. In Figure 3.2 the nodes on the left represent the stakeholders and the 
nodes on the right indicate the tasks related to malaria that the stakeholders perform. The sizes of 
the nodes were scaled according to their task intensity. For example, the task “prescribing, 
dispensing and administering drugs” had the highest intensity. The weight of the link was 
represented by the thickness of the connecting lines; therefore, thicker lines correspond to higher 
task intensity. In Figure 3.3 the sizes of the nodes were scaled according to the priority to 
automate the tasks. The task “prescribing, dispensing and administering drugs” also proved to be 
the highest priority to automate. The weight of the link was represented by the thickness of the 
connecting lines. Thicker lines are characteristic of tasks given higher priority to automate. 
The research question pertaining to the external rules, regulations and pressures dimension was, 
“Which malaria interventions would account best for the constraints of low resources?” 
Developing countries have numerous challenges, among them acute budget restrictions. Rural 
areas in sub-Saharan Africa are characterized by staff shortages and work overloads, which can 
lead to lower quality levels of healthcare [86, 87]. Thus, the prioritization of health information 
needs due to challenges faced by developing countries is critical. A new approach was used to 
answer this question.  The top three boundary partners with the highest task intensity (workload) 




potentially help improve the management of malaria. The top boundary partners’ tasks were 
ranked by intensity and priority to automate. Both rankings were combined to consider activities 
perceived as time consuming, complex and important to automate by the top three stakeholders’ 
groups (See Table 3.5). The list of prioritized malaria related tasks guided the selection of an 
appropriate informatics intervention for the MVP Ghana, Bonsaaso Malaria Program. The 
highest ranked task to automate was “prescribing, dispensing and administering drugs.” Reported 
challenges for this task indicated that some of the study participants experienced shortages  of 
antimalarial drugs and/or RDT tests. Further, stakeholders reported difficulty managing 
prescriptions. After presenting and discussing the results with the eHealth team in Ghana, two 
courses of action were mutually agreed upon: (1) to investigate in-depth the supply chain 
challenges at MVP Bonsaaso, Ghana; and (2) to propose an informatics solution to manage 
antimalarial commodities supply chain. This research project became the second research aim of 
this dissertation. 
A limitation in the approach to identify and prioritize health information needs is that it centers 
on task intensity and assumes that tasks are performed daily, weekly or quarterly. More precise 
values could be recorded for this measurement; for example, observing health workers and 
measuring the average time of task completion. Another limitation is that the values of task 
complexity were not collected from the reports. Instead, time of completion was collected and 
then translated to a complexity scale. However, the prioritization process is relevant, as it 
considers external constraints of time and money that affect the decision-making process in 
LMIC. 
One research question classified under the hardware and software computing infrastructure 




malaria related reports?” A list of eHealth/mHealth data collection tools at communities and 
clinics was obtained as result of the analysis of personal interviews. Details are found in the 
Results section of this chapter. The eHealth/mHealth tools at MVP Bonsaaso, Ghana have 
changed during the course of this research. For example, the CC+ system was replaced by the 
CommCare system. 
Another research question classified under the hardware and software computing infrastructure 
dimension addressed the study of potential eHealth/mHealth support tools for malaria. An 
analysis of the higher priority malaria related tasks to identify both challenges and information 
gaps was performed. The results of this study indicate a potential number of eHealth/mHealth 
tools that could be introduced to the MVP Malaria Program. First, there exists a need for real 
time malaria data from communities and clinics to effectively monitor stock-outs. Second, 
mobile applications need to be developed in order to promote adherence to malaria prescription 
guidelines. Finally, novel and more effective methods are required to better educate the 
community on the importance of using mosquito bed nets. 
3.5. Study 1 Conclusion 
This study used a combination of methods to identify and prioritize information needs for the 
MVP Bonsaaso, Ghana Malaria Program. Outcome mapping methodology was used to identify 
the boundary partners. A semi-structured interview instrument was created and used to interview 
key informants (boundary partners). Data was collected and analyzed to find the needs and 
challenges in the malaria program. Social network analysis was used for the prioritization of 
malaria program information needs. Findings from Study 1 helped establish Research Aim 2 of 




eHealth/mHealth prototype to improve supply chain and stock management of antimalarials and 
Rapid Diagnostics Tests [RDTs] in the Millennium Villages Project in Bonsaaso, Ghana”. While 
a potential limitation of the study is the emphasis on one disease within one country, results 
indicate relevance for the stakeholders in Ghana; thus, replication of this study is possible in 
other MVP countries.  
The findings from the malaria program information needs assessment were validated in Study 2 
(See Chapter 4). However, it is important to note the disadvantage that the findings from the 
prioritization could not be validated due to the changes in the socio-technical environment 

















Chapter 4. Study 2 - Validation of the MVP Malaria Information Needs Study Findings 
Chapter 4 describes Study 2 that addresses the validation of results pertaining to the new method 
introduced in Chapter 3 to identify and prioritize information needs and challenges in resource 
poor settings environments.  
4.1. Study 2 Introduction and Background Information 
The health information needs and challenges of the MVP Ghana Malaria Program were validated 
and refined with a focus group study performed with key stakeholders. Socio-technical changes 
(e.g., internal policies, workforce) were introduced to MVP Bonsaaso, Ghana cluster between the 
completion of Study 1 and prior to the beginning of Study 2. As a result, one result of Study 1, 
the prioritization of health information needs, could not be fully validated in Study 2.  
4.2. Study 2 Methods 
Sixteen participants attended the focus group session, including: the health coordinator, the 
eHealth specialist, the CHW manager, the malaria focal person, the SCM, four CHWs, three 
CHNs and four enrolled nurses.  
Columbia University IRB approved the protocol to protect human subjects for this study. All 
participants signed an informed consent form before starting the focus group.!
The findings from Study 1 were shared with focus group participants. Participants were asked to 
validate if the tasks from the prioritized list (See Table 3.5) remained challenging for them and 
relevant to automate. 
The research session was held in English and facilitated by a moderator. A research assistant 
made translations to Twi when clarifications were needed. The focus group was audiotaped with 




group were coded and categorized using the prioritized list of tasks related to malaria, found in 
Table 3.5. The data was analyzed using a content analysis approach with NVivo software [84]. 
4.3. Study 2 Results 
The results from the analysis of the focus group are summarized below. 
Prescribing, dispensing and administering drugs  
Drug and RDT test shortages  
Subjects confirmed that they were still facing challenges in the supply chain management such as 
stock-outs. 
Difficulty managing prescriptions  
Participants reported an improvement in the way the CHWs manage prescriptions. The CHWs 
had received training to treat simple malaria, and they asked for help from the CHNs when 
needed. If the CHWs identified cases they did not know how to treat, they referred them to the 
clinics.  
Referring Patients 
Patients from the community do not go to their referrals  
According to the participants this is no longer an issue. It was reported that the CHWs were 
following up with their patients who were attending their referrals. The CommCare system also 
was providing support to follow up patients. 
Care coordination challenges  
Some participants mentioned that they had not seen cases of patient losing referral forms. 
However, the challenge is that when the patients go to the hospital, the providers are not giving 




Communication Failures with telemedicine center  
Participants responded that they were not experiencing challenges with the telemedicine center. 
Diagnosing Patients 
Misdiagnosis of malaria cases  
It was shared that the CHWs only treat simple malaria and if they see signs of severe malaria, 
they refer the patient to the clinic. Decision support in their CommCare application instructs 
them when to refer a patient based on danger signs.  
Collecting Information Related to Malaria in Registers  
Most of the clinical data at the Bonsaaso Cluster facilities are still in paper registers. There were 
also some quality issues, such as missing and erroneous data. 
Educating pregnant women on the importance of antenatal care (ANC)  
Some pregnant women do not go for ANC  
This remains a problem; however, the CHWs are working to convince the pregnant women to 
attend ANC. Reported reasons for not going to ANC are lack of money and partner’s opposition. 
Not all pregnant women are being educated on ANC importance  
This is no longer a problem because according to the CHW Manager, “there are CHEWs in 
every community so the CHEWs would be reporting about whatever happens to the pregnant 
women to the CHN so that situation does not exist.” 
Check if community members are sleeping under Mosquito Bed Nets 
Some people have Mosquito Bed Nets but they do not use them. The CHWs reported that they 





Observe hygiene and sanitation status in households 
Members of the community do not follow advice  
One CHN mentioned: “For hygiene and sanitation, they are still having problems with the issue 
in the communities but they are still working to turn around the situation.” A CHW manager 
further commented: “That it is habitual thing, that is, it has been their lifestyle and it would take 
time if they can change. The situation would demand constant engagement for the desired 
lifestyle.” 
Screening for malaria 
Misdiagnosis of malaria cases  
This problem persists. The malaria focal person commented: “RDT that they are using can only 
detect one species (falciparum) out of the four others, so if you have malaria and it is not 
falciparum, the RDT cannot detect it but does not mean you do not have malaria.” 
Stock-outs of buffers in RDT kits  
Defective RDT kits were reported as a manufacturer issue. To mitigate this problem they give 
extra buffers per each RDT box.  
Education on Nutrition  
Patients do not follow advice  
This continues as a problem.! A CHN mentioned:! “If someone has not practiced and got the 
benefits, they usually don’t use it.” 
Treating Malaria Patients 
Lack of adherence to treatment  




of medication. The drugs are given to taken within 3 days but mostly when patients take some in 
a day and they are feeling well, they stop taking the drugs, so after some time when they begin 
see the symptoms of malaria again, they take rest of the drugs which would be ineffective.” 
Erroneous treatment given by herbalists  
This is still a challenge. Some herbalists continue to give wrong treatment to patients. 
Assist the midwife with antenatal care clinic 
The challenge reported for this activity was insufficient staff. Generally, workforce shortages are 
a challenge at MVP Bonsaaso, Ghana cluster. 
Education on the use of Mosquito Bed Nets  
Community members do not follow advice  
The CommCare system allows the CHWs to teach members of the community the importance of 
mosquito nets using pictures and a customized audio recording. Some clients do not follow the 
advice. 
4.4. Study 2 Discussion 
Socio-technical changes at the MVP Bonsaaso, Ghana cluster between Study 1 and Study 2 may 
have influenced the variation of the malaria program health information needs and challenges. 
Results from Study 2 showed that most of the challenges identified in Study 1 were still present, 
yet other challenges were reported to be either improved or eliminated. There were also changes 
in workforce. Enrolled nurses replaced clinic CHWs. Enrolled nurses are generally better 
educated than clinic CHWs; therefore they can assist midwives in more healthcare related 
activities than the clinic CHWs. CHWs from outside the community were fired and new CHWs 




women for education on ANC importance at the communities was reported as non-existent. This 
finding could perhaps be the result of having CHWs in all communities at the cluster and thus 
contributed to the improvement. There were also technology upgrades. Health workers received 
smartphones to use the CommCare system instead of the CC+ system. CommCare enables health 
workers to collect data offline, which reduced data collection in paper forms at the communities. 
This study also found that CHWs were receiving decision support in CommCare that allowed 
them to do more timely referrals to the clinics of severe malaria cases and other dangerous health 
conditions. Misdiagnosis of malaria cases at the communities was reported as reduced. CHWs 
used to treat malaria based on signs and symptoms even though the RDT results were negative. 
The internal policy changed so that CHWs could only treat malaria if RDT results were positive 
and there were no signs of severe malaria. Participants reported that they were no longer 
experiencing communication failures with the telemedicine center. 
In Study 2, the participants were asked if the list of prioritized malaria related tasks from Study 1 
was still relevant for them in regards to task intensity and importance to automate. However, the 
specific order of the rankings could not be validated because of the aforementioned socio-
technical changes between Studies 1 and 2. 
The use of focus groups made it possible to get detailed perceptions and opinions from different 
key stakeholders in a relatively short amount of time. This was convenient because of the 
constrained budget and time of the research project. To reduce bias, moderators attempted to 
engage all participants in the conversation, with an emphasis on those who were more reluctant 
to talk. Dominating speakers (usually from the health managers group) were asked to give others 
the opportunity to speak. A limitation of this study is that some health workers from clinics and 




some of the health workers didn’t express their true opinions. The study was performed in 
English, but Twi was used for clarifications. This helped reduce potential biases of 
communication between the foreign moderator and participants. 
4.5. Study 2 Conclusion 
There were improvements in different processes such as referring patients, technical problems 
and misdiagnosis of malaria cases. These improvements may have been the result of 
enhancements in internal policies, procedures, workforce and technology that happened at MVP 
Bonsaaso, Ghana cluster between Study 1 and Study 2. Further, Study 2 validated and refined the 
information needs and challenges in the MVP Bonsaaso, Ghana cluster Malaria Program. Study 
2 could not validate the order of the rankings because of the socio-technical changes that 
modified the priority rankings. Findings from Study 2 confirmed the relevance of focusing Aim 
2 to investigate a potential eHealth/mHealth solution that addresses challenges of supply chain 













Chapter 5. Study 3 - Requirements Analysis 
Study 1 and 2 helped focus attention on supply chain and stock management and the potential 
value of an eHealth/mHealth solution.  Study 3 provided clarity on the requirements for such an 
intervention. This chapter describes the different methods used for data collection and analyses 
in Study 3. The processes of antimalarial commodities supply chain are documented and the key 
issues in supply chain are detailed. Finally, the chapter presents the functional and non-functional 
requirements identified and specified. 
5.1. Study 3 Introduction and Background Information 
The implementation of many HIS projects have failed because the methodologies used for their 
designs and developments have neglected to consider sensitive and critical issues unique to 
resource poor settings [21]. UCD methods need to be adapted depending on the research context 
to consider languages barriers, low literacy levels, low computer literacy, infrastructural and 
governmental challenges, end user trust creation, spatially and culturally separated researchers 
and end users [91-93]. Ignoring end users’ needs most likely would produce inappropriate 
requirements. In UCD, potential/actual users are involved throughout the research lifecycle [21].!
UCD methods used to study information needs and generate the functional and non-functional 
requirements in Study 3 were: focus groups, users observations, interviews and participatory 
design. The three first methods were covered in Chapter 3 and the latter is detailed below. 
Participatory design is a UCD approach that consists of involving key stakeholders in the design 
process. This method motivates key stakeholders to generate design ideas instead of only being 
informants of designs or participants in evaluations [94]. Participatory design is a mutual 




used, and  the  users  learn more about technology design and use [95]. The development of 
rapport among the research team and the local end users is very important, as this may influence 
their involvement in the research project. Participatory design can provide greater chances of 
sustainability at lower costs [94]. 
Functional requirements refer to the specification of functionality of the system that must be able 
to be performed. Non-functional requirements are those not related to specific user functionality, 
but are general attributes of a system such as  security, reliability and performance [96]. 
5.2. Study 3 Methods 
This study took a user-centered approach to collect data. Focus groups, observations, interviews 
and participatory design sessions were performed. These research studies had a protocol to 
protect human subjects approved by Columbia University’s IRB. All participants signed an 
informed consent form prior to participation. !
Two focus groups were performed, one group consisting of health workers and another of 
managers. The main objective of the health workers’ focus group was the collaborative creation 
of supply chain process workflows. The health workers’ group included four CHWs, three 
enrolled nurses and five CHNs. The main objectives of the managers’ focus group were to 
validate and clarify workflows developed by health workers focus groups and to create supply 
chain process workflows from both the management and technical points of views. The 
managers’ focus group had the following participants: a team leader, a health coordinator, an 
eHealth specialist, a CHW manager, a SCM and a malaria focal person (See Figure 5.1). 
Observations and interviews were performed to verify the findings from both focus groups. 




more detail and to investigate challenges and opportunities.  





The participants were selected using purposive sampling because the objective was to interview 
key informants that had the potential to provide more information of better quality. Observations 
and interviews were performed and included 14 CHWs, six CHNs, three  midwives, two enrolled 
nurses, the SCM, the malaria focal person, the CHW manager, the health coordinator and the 
eHealth specialist. Participants were observed in work settings. CHWs and CHNs that did not 
have clients to visit participated in a role-play and demonstrated the use of the CommCare 
system. Participants explained data collection forms and reports and shared challenges regarding 
to the supply chain process. Interviews were conducted until a reasonable level of response 
saturation was reached [97]. The interview instrument used is in Appendix B. Figure 5.2 shows a 
picture of a drug storage room taken during one of the observation studies at a MVP Bonsaaso, 
Ghana health facility. 







A participatory design study was performed to validate and refine requirements. Using 24 
participants, 14 participatory design sessions were held, seven of which were in group while the 
other seven were individual sessions.  CHNs and CHWs were grouped together because they 
interact closely in their work and have the potential to produce a richer set of requirements in a 
shorter period of time. The participants were eight CHWs, six CHNs, three midwives, three 
enrolled nurses, the malaria focal person, the SCM, the health coordinator and the CHW 
manager. Participants were given blank papers, sticky notes and felt pens (See Figure 5.3). They 
used these materials to list their views on necessary inputs, outputs and functionality of the 
antimalarial commodities supply chain management prototype. The instrument used in this study 
can be found in Appendix C. Users were asked to add information they thought should be 
included in creating a new requisition and in doing a new emergency transfer. The participants 
were also asked to validate previously identified functional requirements. They wrote data 
elements, information on calculation and constraints in sticky notes and a few of them drew 
arrows between activities indicating navigation (See Figure 5.4). 






All research sessions were audio-recorded with the consent of the participants. Recordings were 
transcribed and analyzed using content analysis. Antimalarial commodities supply chain 




challenges and opportunities.  






The analysis of the supply chain management processes helped elicit functional requirements. 
Requirements were also identified through document analysis of supply chain management 
forms and reports (See Figure 5.5).  





The analysis of the participatory design research study assisted in the validation and refinement 
of requirements.  
5.3. Study 3 Results 
Results from Study 3 were organized by the following five dimensions of Sittig and Singh’s 8-




culture; (3) external rules, regulations and pressures; (4) workflow and communication; and (5) 
clinical content. 
People 
Research question: Who are the potential users of the malaria supply chain prototype? 
The main stakeholders involved in the supply chain management process at MVP Bonsaaso, 
Ghana that were identified are: the SCM, the health coordinator, the malaria focal person, the 
midwives, the enrolled nurses, the CHNs and the CHWs. Table 5.1 presents a list of these 
stakeholders who are the potential users of the malaria supply chain management prototype. The 
table also shows tasks performed by each stakeholder related to supply chain. 
Table 5.1 Potential users of the malaria supply chain prototype and tasks related to supply chain 
they perform 
Stakeholders Supply chain related tasks 
SCM 
Is in charge of the procurement of health commodities. 
Receives, reviews and approves drug requisitions from clinics and 
communities. 
Distributes drugs to clinics and communities. 
Manages warehouse inventory of health commodities. 
Health coordinator Oversees the entire supply chain management process. 
Malaria focal person 
Receives, reviews and approves RDT requisitions from clinics and 
communities. 
Distributes RDTs to clinics and communities. 
Manages warehouse inventory of health commodities. 
Midwives 
Makes requisitions of health commodities for clinics. 
Reports current stock levels monthly. 
Dispenses drugs. 
Manages the inventory of commodities at clinic stores. 
Enrolled nurses 
Makes requisitions of health commodities for clinics. 
Maintains monthly report of current stock levels. 
Dispenses drugs. 
Manages the inventory of health commodities at clinic storage 
room. 
CHNs 
Makes requisitions of health commodities for communities. 






Internal organizational policies, procedures and culture 
Research Question: Which organizational policies, procedures and culture are applicable to 
malaria supply chain management? 
The internal organizational policies, procedures and culture related to malaria supply chain 
management at the MVP cluster were: (1) the use of a pull-based approach; (2) the management 
of the RDT supply chain by the malaria focal person and the management of other health 
commodities by the SCM; (3) the dispensation of essential medicines at no cost at MVP clinics 
and communities; and, (4) the existence of internal procedures to find the causes of health 
commodities shortages and for their replenishment. 
External rules, regulations and pressures 
Research Question: What external constraints are applicable to the supply chain management 
processes? 
The external constraints applicable to supply chain management process that were identified 
included: (1) a limited budget for procurement; (2) monthly reports to governmental 
organizations on health commodities consumption; (3) poor transportation, including roads in 
bad conditions; (4) intermittent network connectivity; and, (5) no electricity in some areas of the 
MVP cluster (See Figure 5.6). 








Workflow and communication 
Research Question: Which are the malaria supply chain process workflows? 
The following key activities of the antimalarial commodities supply chain process were 
identified and documented using workflows: monthly order of drugs (See Figure 5.7), monthly 
order of RDTs (See Figure 5.8), emergency order of drugs (See Figure 5.19), emergency order of 
RDT (See Figure 5.10), dispensing drugs in clinics (See Figure 5.11) and dispensing drugs in the 
communities (See Figures 5.12). Stock-outs were reported due to challenges in the distribution of 


















































































































































































A tabular representation of the workflows is found in Appendix D. 
Clinical Content 
Research Question: What are the functional and non-functional requirements for the 
eHealth/mHealth prototype to improve stock management of antimalarials and RDTs? 
Table 5.2 shows the functional requirements specification for the supply chain management 
prototype. They are a result of data triangulating from focus groups, observations, interviews, 








Table 5.2 Functional requirements for the antimalarial commodities supply chain management prototype system
1) Functional requirement:  
Current stock levels of antimalarial 
commodities should be recorded in the 
system. 
1.1) Purpose and scope:  
The health workers at the clinics and at 
the communities have to report the 
number of commodities they have left 
every month. The objective of this 
functionality is to allow them to report 
health commodities more quickly and 
more frequently. 
1.2) Inputs:  
The current stock values of the health 
commodities. For the prototype system 
we used only a subset of malaria-related 
health commodities (RDT, Coartem 6, 
Coartem 12, Coartem 18, Coartem 24, 
Paracetamol, ORS, and Zinc).   
1.3) Processing:  
Validate numeric entries. Record values 
of current stocks locally and at the 
server. If the stock reaches a minimum 
level, the user and the managers should 
be notified. 
1.4) Data sources:  
Focus groups, interviews, observations, 
documents analysis and participatory 
design 
2) Functional requirement: 
Current stock levels should be able to be 
visualized in the system in a tabular repre-
sentation. 
2.1) Purpose and scope:  
The health workers at the clinics and at the 
communities do not have a way to visualize the 
current stock in their mobile devices. The 
system should allow them to visualize a list of 
antimalarial commodities with their current 
levels in their mobile devices. 
2.2) Outputs:  
Values of current levels of health commodities. 
For the prototype system we used only a subset 
of malaria-related health commodities (RDT, 
Coartem 6, Coartem 12, Coartem 18, Coartem 
24, Paracetamol, ORS, and Zinc).   
2.3) Processing:  
Present a list of health commodities with the 
values of their current stocks levels in the 
mobile device. 
2.4) Data sources:  
Focus groups, interviews, observations and 
participatory design 
3) Functional requirement: 
Current stock levels should be able to be 
visualized in the system by graphical 
representation that is easy for users to 
understand. 
3.1) Purpose and scope:  
The health workers at the clinics and at the 
communities do not have a way to visualize 
the current stock in their mobile devices. The 
system should allow them to visualize the 
current stock levels of their antimalarial 
commodities in their mobile devices. 
3.2) Outputs:  
A graphical and simple representation of the 
current levels of health commodities (RDT, 
Coartem 6, Coartem 12, Coartem 18, 
Coartem 24, Paracetamol, ORS, and Zinc).  
3.3) Processing:  
Present a bar char or another type of 
visualization that give decision support to the 
health workers in regards to the current 
levels of stock of their health commodities. 







4) Functional requirement:  
The system should allow users to create new 
orders by selecting the commodities that 
need replenishment. 
4.1) Purpose and scope:  
The health workers at the clinics and the 
communities sometimes do not know an 
optimal amount of health commodities to 
order. This could vary every month because 
some diseases are seasonal. The system 
should give the users decision support in 
regards to the amounts of health commo-
dities to order. 
4.2) Inputs:  
Health commodity, amount to request 
4.3) Outputs:  
Current stock level, recommended quantity 
to order 
4.4) Processing:  
Calculate a recommended amount to order 
for RDTs and antimalarial medications based 
on a forecasting method that considers the 
historical data of the number of fever and 
malaria cases in the area. Use the monthly 
average consumption for the recommended 
amount to order for other health 
commodities. 
4.5) Data sources:  
Focus groups, interviews, observations, 
documents analysis, and participatory design 
5) Functional requirement:  
The system should incorporate the capacity 
to request the transfer of stock from one 
clinic to another in emergency situations.   
5.1) Purpose and scope:  
Whenever a clinic runs out or runs low of 
health commodities (emergency situations), 
the midwife or the enrolled nurse requests 
the health commodities from another clinic. 
The system should give decision support on 
which clinic(s) to select for the emergency 
transfer. 
5.2) Inputs:  
Health commodity, origin clinic, destination 
clinic, amount to transfer 
5.3) Outputs:  
A map that presents the current levels of 
health commodities at the MVP Bonsaaso 
cluster clinics. 
5.4) Processing:  
The system should give decision support to 
the user with a map of the clinics showing 
the current stock levels. The system should 
record the information of the origin and 
destination clinics, the commodity and the 
amount to transfer. 
5.5) Data sources:  
Focus groups, interviews, and participatory 
design 
6) Functional requirement:  
The system should incorporate the capacity 
to request the transfer of stock from one 
CHW to another in emergency situations.   
6.1) Purpose and scope:  
Whenever CHWs run out or run low of 
health commodities, they request the health 
commodities from other CHWs in the same 
community. The system should give 
decision support on which CHWs to pick 
for the emergency transfer. 
6.2) Inputs: 
Health commodity, origin CHW, 
destination CHW, amount to transfer 
6.3) Outputs:  
A map that presents the current stock levels 
of health commodities of the CHWs in the 
community of the user. 
6.4) Processing:  
The system should give decision support to 
the user with a map of the community 
showing the current levels of stock of the 
health commodities of the CHWs that work 
in the community. The system should 
record the information of the origin CHW, 
the destination CHW, the health commo-
dity and the amount to transfer. 
6.5) Data sources:  





Table 5.3 contains the non-functional requirements that resulted from the combined analysis of 
focus groups, observations, interviews and literature review. 
Table 5.3 Non-functional requirements for the antimalarial commodities supply chain 
management prototype system 
Non-Functional 
quality category 
Non-Functional requirement Data source 
Usability HIS should be easy to use and learn by people with low technology literacy. Literature review 
Reliability The HIS should be able to work offline and improve the quality of the data collected. 
Focus groups, observa-
tions, and interviews 
Security Communication between client mobile device and the server should be encrypted. Literature review 
Performance 
Use of the system should save time to the users 
in performing their health commodities supply 
chain related tasks. 
Literature review, focus 
groups, observations, and 
interviews 
 
5.4. Study 3 Discussion 
The research question classified under the people dimension was, “Who are the potential users of 
the malaria supply chain prototype?”  
Table 5.1 has a list of the key stakeholders that are involved in the malaria supply chain process 
at MVP Bonsaaso, Ghana cluster. They are the potential end users of the malaria supply chain 
management prototype. It was important to identify the prototype’s potential end users because 
they helped to specify its functional and non-functional requirements. 
The research question related to the internal organizational policies, procedures and culture 
dimension was, “Which organizational policies, procedures and culture are applicable to malaria 
supply chain management?”  
The MVP supply chain at Bonsaaso, Ghana cluster uses a pull-based model. The stakeholders 
make requisitions based on the demand. Midwives at the clinics make monthly requisitions of 
RDTs to the malaria focal person and requisitions for all remaining health commodities are made 




average monthly consumption. The malaria focal person and the SCM receive, review, approve 
requisitions and then distribute the orders to the midwives at the health facilities and the CHNs. 
Essential medicines, among them antimalarials, are free for patients at MVP health facilities and 
communities. 
SCM at MVP should follow an internal procedure when stock-outs happen. They have been 
instructed to investigate the causes of the problem, whether it is due to national level availability, 
distribution to health facilities, or management of stocks at the clinic level. The SCM also has to 
address the problem with replenishments, exhausting all free options (i.e. neighboring health 
facilities, the government, in-country NGOs18) before choosing to buy in local pharmacies. 
Procuring internationally (UNICEF Supply Division in Denmark) is their last resort. In order to 
follow these internal policies to improve the supply chain management, timely stock level data of 
good quality is needed to monitor stock in a better way and be able to make more proactive 
decisions to avoid low or zero stock levels.  
The research question classified under external rules, regulations and pressures was, “What 
external constraints are applicable to the supply chain management processes?” 
At the time of the data collection MVP had a limited budget. Health commodities donations and 
discounts were preferred. Furthermore, other financial constraints to the MVP supply chain can 
be introduced as a consequence of the Bonsaaso, Ghana cluster transition from MVP to the GHS. 
Monthly reports are sent to organizations at district, regional and national levels to monitor the 
consumption of health commodities. 
MVP Bonsaaso, Ghana cluster is located in rural Ghana about 1.5 hours by car from Kumasi, 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!





one of the main cities in Ghana. Clinics are about 1 to 1.5 hours from each other by car. A map 
of the geographical location of the MVP Bonsaaso, Ghana cluster is in Figure 5.13. As in many 
rural parts of Africa, the MVP cluster area lacks of good road infrastructure, has limited cell 
phone coverage and some populated areas do not have electricity. Transportation is challenging, 
strong vehicles are needed because the roads are unpaved and cars tend to break (See Figure 5.6). 
When there are stock-outs at clinics, health commodities are transferred from one clinic to the 
other using motorcycles when no MVP vehicles are available.  





External constraints in resource poor settings are very unique. They were studied, and influenced 
the requirements specification of the malaria supply chain management prototype. The 
understanding of external constraints is very important to reduce the prototype’s risk of 
implementation failure. 
The research question classified under the dimension workflow and communication was, “Which 
are the malaria supply chain process workflows?”!
The following key processes of the antimalarial commodities supply chain were identified from 
the analysis of data from focus groups, interviews and observations. They were documented 
using workflows: monthly order of drugs (See Figure 5.7), monthly order of RDTs (See Figure 




dispensing drugs in clinics (See Figure 5.11) and dispensing drugs in the communities (See 
Figure 5.12). Workflows can help to clarify steps, find issues and offer the opportunity to 
improve processes. MVP supply chain workflows were represented with adapted cross-
functional flowcharts. Circles of different colors were used to communicate the various sources 
of collected evidence (See Figures 5.7-5.12). There have been reported shortages of health 
commodities at MVP Ghana cluster clinics. It has also been reported that the CHWs have run out 
of health commodities at the communities. Possible causes in health commodities shortages 
included problems in the distribution of commodities and the management of manual inventory. 
When facing shortages of health commodities at clinics and delays in distribution, midwives 
borrow health commodities from other health facilities; however, sometimes they do not inform 
the SCM and thus agreements to transfer health commodities result without proper supervision. 
Similar situations happen with the CHWs in the communities; the transfer of health commodities 
happens without notification to the CHN. Managers should be informed about stock-outs 
problems to study the possible causes and avoid similar situations in the future. These issues 
were found present in the following processes: emergency order of drugs and emergency order of 
RDT. 
Papers forms containing health commodities consumption and orders are sent manually to the 
MVP office, located between 1.5 and 2.5 hours from the communities by car. Limited 
transportation was mentioned as a cause of delays. Managers reported improper awareness of 
current stock levels, including low and zero levels of stock due to delays in receiving 
consumption data. These issues were found in the following processes: monthly order of drugs, 
monthly order of RDTs, emergency order of drugs and emergency order of RDTs. Also problems 




found in the monthly order of RDTs, emergency order of RDTs, dispensing of drugs in clinics 
and dispensing of drugs in the communities. Consumption data and orders of health commodities 
sent electronically could potentially reduce inefficiencies in distribution, saving both time and 
transportation costs. Furthermore, more frequent reporting of stock levels could increase 
visibility of stock levels and assist managers in decision-making.  
The Inventory Control Card is not updated regularly in some clinics; therefore, physical counting 
of inventory is required to obtain current stock levels. Stock data quality improvement will help 
monitor stocks and reduce stock-outs. These issues in data quality were reported in the following 
processes: monthly order of drugs, monthly order of RDTs, emergency order of drugs and 
emergency order of RDTs. 
Some CHWs do not know the quantity of the minimum amounts of stocks. Some of the CHWs 
reported not reordering stock on time. Potential solutions to help stakeholders reduce stock-outs 
include improved visualization of stock levels and better decision support for health workers 
pertaining to the timing and health commodities quantities of their order requisitions. 
Collaborative creation of supply chain process workflows was used as a data collection method. 
This technique was an effective way to visually collect initial supply chain process data. Health 
workers tend to fear expressing their opinions in the presence of their supervisors. Working with 
two focus groups, one of health workers and the other of managers, helped to reduce potential 
dominance and shyness biases. Workflows were built from triangulation of information from 
focus groups, observations, interviews and document analysis. 
An alternative method not utilized in this study, but could have been used to identify additional 




used to analyze errors in retrospection. It has been used in different settings to determine possible 
causes of problems and to prevent them from happening again [98]. 
The research question of the clinical content dimension was, “What are the functional and non-
functional requirements for the eHealth/mHealth prototype to improve stock management of 
antimalarials and RDTs?”  
The results identified two groups of requirements: non-functional and functional requirements. 
Each is needed in systems design. The former refers to the qualities of the system and the latter 
refers to the functionality of the system. The quality categories of non-functional requirements 
identified were: usability, reliability, security and performance. Due to low information and 
communications technology (ICT) proficiency of the majority of users, the HIS system should be 
usable, that is, it should be simple to learn and utilize. The HIS should also be reliable. This is an 
important non-functional requirement because MVP cluster health facilities and communities 
have intermittent network connectivity and the HIS should be able to work offline. Also, the HIS 
should ensure that good quality data is collected. The HIS system should guarantee secure 
communication between the client mobile device and the server. An encrypted communication 
channel should be used. In addition the HIS should be password protected. 
The HIS should maintain good performance. Use of the system should save time in performing 
tasks related to stock management of health commodities. Improving the flow of stock 
management information could also help reduce staff workloads. 
Table 5.3 presents the specification of functional requirements of the mHealth antimalarial 
commodities supply chain management prototype tool. The specifications have purposes and 
scopes, inputs, outputs, processes and data sources. The functional requirements were: (1) 




stock levels should be able to be visualized in the system in a tabular representation; (3) current 
stock levels should be able to be visualized in the system by graphical representation that is easy 
for users to understand; (4) the system should allow users to create new orders by selecting the 
commodities that need replenishment; (5) the system should incorporate the capacity to request 
the transfer of stock from one clinic to another in emergency situations; and, (6) the system 
should incorporate the capacity to request the transfer of stock from one CHW to another in 
emergency situations. These functional requirements were refined in latter studies. They will be 
explained in more detail in the next chapters. 
5.5. Study 3 Conclusion 
Requirements were identified and specified from the analysis of data collected. Various UCD 
approaches were used to collect data, including focus groups, observations, interviews and 
participatory design.!
This research utilized qualitative approaches for the analysis and requirements specification of 
the antimalarial commodities supply chain management prototype. The use of qualitative 
approaches produces a risk of monomethod bias. Further quantitative studies can focus on the 










Chapter 6. Evaluation of Paper Prototype and Development of Software Prototype 
This Chapter covers the evaluation of the antimalarial commodities supply chain low fidelity 
prototype, a paper prototype based on the requirements specification presented in chapter 5. This 
chapter also contains details regarding to the development of the software prototype. 
6.1 Study 4 - Evaluation of Paper Prototype 
6.1.1 Study 4 Introduction and Background Information 
According to ISO 9241-11, usability is "the extent to which a product can be used by specified 
users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified 
context of use" [99]. Usability is a key non-functional requirement identified and outlined in 
Study 3, found in Chapter 5. To ensure a high usability for the antimalarial commodities 
mHealth prototype, a series of evaluations with end users were performed.  
UCD approaches typically begin with a prototyping phase using low-fidelity prototypes.  Low 
fidelity prototypes are representations that can act as a common language of communication 
between the researcher/designer and the stakeholders/users. The main objective is to elicit and 
capture useful feedback for design solutions at low cost early in the design process [100]. Paper 
prototypes are a type of low fidelity prototype. Evaluations of paper prototypes with end users 
are important to ensure that the users real information needs are captured. Therefore they should 
be performed in environments that promote open communication, participation and common 
understanding [100]. 
A paper prototype was built based on the data elements and functional requirements identified in 
Study 3. It was tested with the end users to validate and refine functional requirements and to 





6.1.2 Study 4 Methods  
A low fidelity prototype was created using the functional requirements identified in Study 3. 
Examples of the paper prototype screens can be found in Figure 6.1. 
Figure 6.1 Examples of the paper prototype screens 
 
Study 4 had a protocol to protect human subjects approved by the Columbia University IRB. All 
subjects signed an informed consent form prior to participation in the study. The paper prototype 
was evaluated using five CHWs, four CHNs, four midwives, four enrolled nurses, the health 
coordinator, the CHW manager and the malaria focal person. Most participants contributed to the 
study individually except a midwife, an enrolled nurse, the health coordinator and CHW 
manager, who tested the paper prototype in groups of two due to time constraints. 
Participants were asked questions pertaining to the functions of the elements in the screen, next 
actions, and how some parts could be improved. Screens that were not necessary were discarded. 
Also, the missing fields were added in the right order. The researcher took notes in a notebook 




Functional requirements were validated and minor changes were suggested to the interfaces of 
the paper prototype. The sessions were audiotaped with the consent of the participants. Figure 
6.2 shows a user testing the paper prototype. 
Figure 6.2 Participant testing the paper prototype 
 
6.1.3 Study 4 Results 
The result from this study was an improved paper prototype that served as a visual specification 
for the software prototype. The paper prototype was copied to a wireframe format using 
Balsamiq software (See Figure 6.3).   







For practical purposes, this study only included those screens of the low fidelity prototype that 





6.1.4 Study 4 Discussion 
End users evaluated the paper prototype, with the objective of refining and validating functional 
requirements as well as obtaining early usability feedback on the user interface design. Study 4 
improved the content of the titles and labels in the prototype screens. It also helped correct 
medication units, identify optional fields, and determine whether a field should be part of the 
prototype. For example, in the dispensation of drugs, there was a field that was part of the paper 
form related to the amount paid. Users indicated that they wanted to keep it (See Figure 6.4). 
Wireframes were used to represent the improved paper prototype because they are more 
shareable and closer in appearance to software prototypes. 
Figure 6.4 Examples of paper prototype screens (with annotations) 
 
Study 4 validated functional requirements and provided early, useful feedback that improved the 
paper prototype. However, due to end users’ lower levels of ICT proficiency, it was also 
important to develop a software prototype and perform additional evaluations with the end users 
to uncover potential problems associated to their interaction with the technology. 
6.1.5 Study 4 Conclusion 
Results from study 4 refined and validated functional requirements. An improved paper 




study, a low fidelity prototype is an appropriate method of communication between the 
researcher and the end users to obtain early usability feedback. 
6.2 Development of Software Prototype 
This section describes the development of the software prototype. Different platforms were 
reviewed and their selection was based on the following criteria: (1) the platform should work 
well in environments where the cell phone network connectivity is intermittent or non-existent; 
and, (2) the platform should allow the creation of visualizations through maps and charts.  
After careful review, ODK 2.0 tools were selected to build the antimalarial commodities supply 
chain management prototype. ODK is a free and open source set of tools that help users manage 
their mobile data collection and offers the possibility to work offline. The ODK 2.0 Tools Suite 
was still under development at the time of this study’s publication; however, it was chosen 
because of the advantages it has in comparison with the previous generation of tools. The ODK 
2.0 suite has ODK Survey, which offers the possibility to customize screens using HTML, 
Javascript and CSS. The ODK 2.0 has ODK Tables to store data on the mobile device local 
tables. Visualizations can be done using D3.js library. 
The author developed the software prototype using ODK 2.0 tools (ODK Tables latest version is 
alpha and ODK Survey is in beta version). The developer communicated and received technical 
support from two members of the ODK core team.  
The software prototype was built following the functional and non-functional requirements 
specified in Section 5.3. The evaluations were performed using an Android Xoom tablet. There 
was a server that hosted ODK Aggregate, which provides bidirectional synchronization between 
devices. Due to strict university security policies the SSL port was only temporarily opened to 




ODK Aggregate server and the mobile devices was encrypted. 
Forecasting of Antimalarial commodities 
Coartem’s consumption data was not digitally available for the MVP Bonsaaso, Ghana cluster. 
The dataset used corresponds to fever cases and malaria morbidity from May 2009 until June 
2011 at the MVP Bonsaaso, Ghana cluster. This dataset contained patients ages that were used to 
estimate dosages. This dataset was parameterized using the generalized extreme value (GEV) 
distribution whose parameters were then used to predict the recommended monthly values of 
stock. This method was used because the size of the dataset available for this specific area of 
rural Ghana was relatively small. The fever case data was used to predict the RDT tests 
recommended number and the malaria cases data was used to predict Coartem recommended 
values. 
Visualizations of Stock Current Levels 
Tufte  advises to create  the  simplest  graph  that  communicates  the  information  required 
[101]. A comprehensive visualization of current stock levels was created and consisted of a 
horizontal stacked bar chart. Each horizontal bar represents information of a health commodity. 
The first subpart of the bar corresponds to the current (actual) stock level and the second subpart 
corresponds to the recommended (ideal) stock level for the month of the health commodity. A 
graph should have a proper color scheme based on the type of the data [102].  The current stock 
levels are color-coded depending on their status in comparison with the recommended amount 
for that month. If the current level of stock is low, then the bar is red, which means emergency 
reorder level. If the current level of stock is medium, the bar is yellow, meaning reorder level. If 




level of a commodity is high, then the color of the bar is green, signifying a normal level not 
requiring a reorder.  (See Table 6.1).  
Table 6.1 Color-code scheme for supply chain management prototype 
Current stock level Color Meaning 
Greater than 75% of recommended level for 
the month (high availability) Green Normal level 
Between 25% and 75% of recommended Level 
for the month (medium availability) Yellow Reorder level 
Less than 25% of recommended level for the 
month (low availability) Red Emergency reorder level 
 
The recommended stock is represented by a neutral color (gray) that contrasts well with the other 
colors. The number that the subpart represents is the recommended amount to order for the 
health commodity. It is calculated by subtracting the monthly recommended amount (based on 
forecasting) from the current stock level for the health commodity. The legend found in Figure 
6.5 explains the meanings of the colors in the upper right corner. The graph was implemented 
with D3.js library and ODK Tables. 












Another prototype sample screen visualizes a map when a user wants to do an emergency 
transfer of stock. This screen gives decision support in situations where a health commodity runs 
low or out of stock. Figure 6.6 shows a visualization of a map with the different MVP Bonsaaso, 
Ghana cluster clinics. 
Each marker represents the four health commodities with the lowest stocks levels. In this 
example the user is a midwife at the Tontokrom clinic. The commodities with the lowest levels 
are RDT, Coartem 6, Coartem 12, and Coartem 24. The map was designed for simplicity so that 
users with low ICT proficiency can easily glance and use it. The color and the size of the area 
give the user decision support in regards to which clinic s/he could choose for an emergency 
transfer. The color green represents high availability; yellow represents medium availability; and 
red indicates low availability. The area represents the percentage of available health commodities 
at the point of supply; therefore, the bigger the area, the higher availability of that health 
commodity. If the user touches any part of the marker, the current levels in the clinic will be 
shown in a map popup (See Figure 6.6). All markers are labeled. There is also a legend that 
explains the color scheme, along with an emergency transfer map designed to work offline. It 
was developed using the open source JavaScript libraries leaflet and leaflet-dvf. It uses 
OpenStreetMap with MapBox tiles. For more details on the prototype functionality, see 
Appendix H. 
A software prototype was developed, and subsequent studies will show the results from the 
prototype evaluations. High fidelity prototype evaluations are important because they provide 
feedback to improve the usability and uncover socio-cultural issues related to technology. This 
































Chapter 7. Study 5a - Design-Reality Gap Risk Assessment Workshop  
Chapter 7 presents Study 5a that consisted on performing a Design-Reality Gap Risk 
Assessment. A group of key stakeholders at the MVP Bonsaaso, Ghana cluster and two 
facilitators performed this study, in which the gap between design and reality for each dimension 
of the model was analyzed.  Findings are presented and discussed in this chapter. 
7.1 Study 5a Introduction and Background Information 
Implementing successful HIS projects in developing countries has become a growing challenge 
as they fail to meet users’ needs [6]. As explained in Section 1.4.2, the Design-Reality Gap 
Model assesses and mitigates risks to improve the likeliness of success of HIS projects in 
developing countries [7, 19]. The model has seven dimensions: information; technology; 
processes; objectives and values; staffing and skills; management systems and structures; and 
other resources. Each dimension is analyzed to determine the size of the gap between the design 
and the reality. The larger the size of the gap, the higher is the risk of implementation failure. 
7.2. Study 5a Methods 
A Design-Reality Gap Model risk assessment workshop was held with key stakeholders at MVP 
Ghana, Bonsaaso cluster. The main objective of the workshop study was to identify risks that 
should be eliminated to ensure a successful future implementation of the prototype tool. 
The Design-Reality Gap study included a group of 10 participants. These participants were the 
health coordinator, the CHW manager, the SCM, a CHN, an enrolled nurse and five CHWs. A 
Human Subjects Protection Protocol was! approved by Columbia University IRB and written 
consent was obtained from all participants prior to conducting the study. Participants received an 




software prototype. The study was performed in English but the native speaker facilitator 
translated parts of the session to Twi, as needed.  Participants were asked to rate the gap between 
their real situation and the prototype tool for each dimension of the Design-Reality Gap Model. 
The gap rate was measured on a scale between 0 and 10. Table 7.1 clarifies the gap ratings of 0, 
5 and 10. Table 7.2 shows the relationship between the gap score and the likelihood that the 
dimension could contribute to a project’s failure. The participants were asked to justify their 
answers and their comments. Each session was audio-recorded and data was coded and placed 
into categories that corresponded to each dimension of the Design-Reality Gap Model. The data 
was analyzed using content analysis methods.!
Table 7.1 Design-Reality Gap Model dimension gap ratings [103] 
Gap rate Explanation 
0 No difference between the application design and organizational reality 
5 Some degree of change between the design proposal and current reality 
10 Complete and radical change between the design proposal and current reality 
 
Table 7.2 Design-Reality Gap Model likelihood of gap to be a failure contributor [103] 
Gap score Likelihood of dimension being  
contributor to failure 
8.1 - 10.0 Very likely 
6.1 - 8.0 Likely 
4.1 - 6.0 Possible 
2.1 - 4.0 Unlikely 
0.0 - 2.0 Very unlikely 
 
7.3. Study 5a Results 
Results from Study 5a are summarized in Table 7.3 according to dimension name, gap rank 
between design and reality (the number in parentheses corresponds to the standard deviation), 





Table 7.3 Gaps ranking and likelihood of dimensions to be contributors to failure 
Design-Reality Gap Model 
dimension 
Gap rank mean (SD) Likelihood of dimension 
being contributor to failure 
Information 1 (1.56) Very unlikely 
Technology 1.6 (1.43) Very unlikely 
Processes 1.5 (1.72) Very unlikely 
Objectives and values 2 (2.11) Very unlikely 
Staffing and skills 1.4 (1.65) Very unlikely 
Management systems and structures 1.4 (1.78) Very unlikely 
Other resources 2.3 (1.64) Unlikely 
 
Information dimension 
Workshop participants reported that they believed the information in the prototype matched, for 
the most part, the information they were currently collecting in the field for the management of 
health commodities. It was mentioned that the visualization in emergency transfer provided 
additional information that would allow stakeholders to know the availability of commodities in 
case of emergency. 
Technology dimension 
The CHWs, CHNs, as well as some midwives and enrolled nurses reported previous experience 
with the CommCare system. The prototype runs on Android tablets and phones. It is based on 
ODK 2.0 tools and the data entry and navigation is similar to CommCare. Due to the 
visualizations used to give decision support to users, an Android device with a larger form factor 
would be needed to operate the prototype. It does not seem to be a risk to do this type of 
technology upgrade; in fact, some participants shared that they experienced problems reading the 
small screen on their phones. Finally, they expressed comfort with the ease of input of the 






The SCM said: “Exact same process.” The CHW manager shared: “With regard to the 
processes, the processes of the prototype even supersedes what we are using now.” 
Objectives and values dimension 
Participants mentioned that the objectives of the design and the reality were similar to manage 
commodities and to avoid stock-outs. The SCM misunderstood the rating criteria for this 
dimension and explained that she did not believe that some CHWs were careful enough to 
reorder health commodities on time and avoiding stock-outs was not their objective. The SCM 
rated the gap with a 10. Three of the CHWs also misinterpreted the rating criteria and scored the 
gap as 5 and higher and the other two CHWs rated the gap below 5. The former group of CHWs 
may have felt like they were not following the organizational objectives of avoiding stock-outs 
appropriately. A CHW mentioned: “[sic] the design will help us. The objectives are different 
from what we are doing because as for me for instance and I can sit there for my medicine to 
finish and even if I’m running out I don’t care, I will wait till it is left with two or one before I 
report for another one but this one it will help me to know when I’m running out or I’m okay.”  
Another CHW shared that the tool would help them manage their stocks: “It will help us to know 
that [sic] you are getting short of drugs you will know you will request it in the right time so that 
you don’t run off from drugs.” The CHW manager and the health coordinator rated this 
dimension gap as zero as they were considering the broader objectives of MVP to avoid stock-






Staffing and skills dimension 
Not all the health workers that work at the MVP Bonsaaso, Ghana cluster have experience using 
similar technologies only the managers, the CHWs, the CHNs and some of the midwives and 
enrolled nurses at the clinics. A CHN commented:  
“We have the staff but the skills; what I know is not all the staff at our facility may know 
the CommCare [sic] issue especially those outside the CHW program and those only with 
CommCare on lab technology, other staff in the facility may not know anything on it 
because when you go to every facility we have somebody who is assigned to let’s say lab, 
he is the only person who enter every data on lab. We also have the CHN and the CHWs 
but other staff may not bother to learn anything about ICT or CommCare items especially 
some midwives and other workers enrolled nurse, they thought the CommCare is for one 
person.”  
 
The CHWs at the workshop felt comfortable about their technical skills that are required to use 
the prototype tool; one of them shared: “We have those skills there so this one will help us.”  
Management systems and structures dimension 
Participants perceived that the prototype tool makes information about current stock levels and 
stock orders more readily available and thus contributes to improving managing activities. As 
stated by the SCM: “The management systems and structures won’t change, but it will be in a 
good shape because whatever the CHN monitors and sees, I will be able to see also, and I can 
verify their request so information will be open to all of us at the same time. Management 
structures is [sic] going to be same with a little improvement in terms of time management 
because I am going to see it even before I am told so that I can act as a manager.”  
Other Resources dimension 
Participants thought that the lead time would be reduced. A CHN shared: “When you come to 
this (referring to the prototype) because the indicator will show us the graph, you will easily 




you the immediate supervisor will have to prompt the person or go to the person that you don’t 
have drugs why are you not requesting and it is up to you to send the person drugs [sic] so time 
limited will be avoided so always there is consistency that you will always give your CHW more 
drugs than at first. It saves time and avoids time wasting.”  
They also perceived that the prototype tool would result in both time and cost savings. One 
CHW mentioned: “This one is going to save us more time and money because there will be no 
transportation and it won’t waste much time, you just tap it and then you just send it to the server 
so everyone can see it.” 
It should be noted that some participants misunderstood the gap measurement of this dimension. 
To illustrate this, a CHW responded that: “Here the time will change, before [sic] when we are 
distributing the drugs it will be different from the prototype because with the prototype we have 
all the drugs on the machine (tablet) so if you are running short you know where to go, but 
before unless you call the CHN or management to send you drugs so it will delay so it’s a 
positive change but this one is different because you know what to do. You go to the tablet, it will 
show you where to go when you are running short of drugs and this is faster than calling any 
other person for drugs.” The CHW meant a positive difference but accidentally rated the gap in 
the opposite direction. 
7.4 Study 5a Discussion 
The information dimension had the smallest gap. As a value of 1, this indicates that the 
dimension is very unlikely to be a contributor to failure. The information collected by the 
prototype is similar to the information collected on paper forms for health commodities 




proper to collect. It is very likely that the prototype will meet the information needs of the end 
users. 
The technology dimension gap value was 1.6, meaning that it was very unlikely to be a 
contributor to failure. The participants reported familiarity with electronic data collection 
through the use of CommCare. 
The process dimension gap value was 1.5, indicating that it was very unlikely to be a contributor 
to failure. Participants reported that the processes supported by the prototype were very similar 
to the actual processes.  
The objectives and values dimension gap value was 2, which means that is very unlikely to be a 
contributor to failure. There is evidence that some participants confused rating this gap. They 
compared the prototype designed against their personal objectives and values instead of those of 
the organization. Scales were transposed for those values that were a product of 
misinterpretation. 
At a gap value of 1.4, the staffing and skills dimension also showed as an unlikely contributor to 
failure. The prototype tool was designed for users with low technology literacy. Different 
personnel may have different levels of technology literacy; thus, different levels of training 
would be needed in the use of mobile technology. The eHealth manager, the staff member 
currently in charge of technical support for the MVP Bonsaaso, Ghana cluster, could give 
training sessions. 
Management systems and structures dimension gap value reported a rating of 1.4, another rating 
that indicated very unlikely to be a contributor to failure. The prototype tool supports the original 
management structure; therefore, the gap value is small in this dimension. Participants perceived 




information more available and visible. 
The dimension with the largest gap rated by participants was the other resources dimension. 
However, the gap value was 2.3, it is still unlikely to be a contributor to failure. This finding 
means that it is likely the prototype will help reduce both time and costs in the distribution of 
health commodities. There is evidence of misinterpretations in measuring this dimension’s gap 
by some participants and the scale was transposed for those cases. 
7.5. Study 5a Conclusion 
None of the dimensions of the Design-Reality Gap Model represents a risk of implementation for 
this project. The Design-Reality Gap Model helped to understand users’ perceptions of the 

















Chapter 8. Study 5b - Software Prototype Usability Testing with End Users 
Chapter 8 presents Study 5b research that consisted on performing usability studies of the 
software prototype with the end users. Each participant had to perform a Think-Aloud Protocol 
evaluation, then fill out a MWTAM survey and finally perform a post-usage interview. Findings 
of the Study 5b are presented and discussed in this chapter. 
8.1. Study 5b Introduction and Background Information 
The Think-Aloud Protocol is a usability evaluation method that allows test facilitators to 
understand the cognitive processes of actual/potential users of a system. It also allows for the 
discovery of usability problems associated with task performance. The protocol asks subjects to 
verbalize their thoughts, actions and feelings while performing tasks in the system [104].  
Culture may affect the reliability of the usability evaluation methods [105, 106]. For example, in 
the Think-Aloud Protocol, culture can potentially influence how the test participants follow 
instructions, how they express themselves while performing the assigned tasks, and how the 
relationship between them and the test facilitators develops during the test [107]. Cross-cultural 
usability evaluations that ignore the effects of the local culture obtain incomplete lists of 
usability problems or give invalid conclusions.  
One controlled study examining the effects of the difference in culture between Indian users and 
Anglo-American interviewers found that participants and interviewers from the same culture 
encountered more usability problems and offered more suggestions [108]. This makes sense, as it 
is assumed easier for some people to communicate with others of the same culture that share 
similar knowledge, ways of thinking, and cultural values. A research study of test participants 
from India and the United Kingdom (UK) and a test facilitator from India analyzed the following 




probing, and post-usage interviews. The UK group identified the majority of usability problems 
even though the test facilitator was not from the same culture as the test participants. Also the 
Think-Aloud with probing, was the most effective method to find usability problems [106]. 
In cross-cultural usability evaluations, it is likely that test participants behave differently with 
foreign and local test facilitators. Based on Hong’s dynamic constructivist approach to culture 
[109], Shi and Clemmensen argued that whenever test users are with a foreign test facilitator, 
they tend to share what they think is appropriate. This limits the communication and therefore 
the discovery of usability problems [110]. More research is needed to improve cross-cultural 
usability evaluation methods and reach wider audiences in resource poor settings.  
Study 5b consisted of Think-Aloud Protocol evaluations of the high fidelity prototype with the 
potential end users. The main objective of the study was to identify flaws in the prototype and to 
give recommendations that increase the likelihood of adoption. 
8.2. Study 5b Methods 
Think-Aloud Protocol evaluations, usability surveys and post-usage interviews with the potential 
end users of the prototype tool at the MVP Bonsaaso, Ghana cluster were incorporated in this 
study. According to Virzi [111], 80% of usability problems can be found by four or five users. 
Thus, it was established to recruit a minimum of four users per end user group.  
There were two test facilitators, one local and the other foreign. The local test facilitator worked 
with the participants that performed the studies in Twi. The foreign test facilitator worked with 
the subjects that performed the studies in English. The objective was to minimize the possibility 
of cultural bias and to capture more usability problems. 
Among the participants were six midwives (three did the study in English and three in Twi), five 




(five did the study in English and seven in Twi), the health coordinator, the SCM and the malaria 
specialist. The intention was to maintain the number of participants even for each group; for 
example three midwives performed the study in English and three in Twi. 
The study’s protocol received approval by Columbia University IRB and written consent was 
obtained from all study participants. For the Think-Aloud Protocol evaluation, every participant 
was given a case scenario with a series of subtasks (i.e. Report Stock Levels, Current Stock 
Levels Report, Create New Order, Emergency Transfer of Stock). See Appendix F for 
instrument. Participants were asked to verbalize their thoughts and comment continuously about  
their  experience  with the prototype while interacting with it [104]. Additional questions were 
added to the Think-Aloud Protocol instrument, which prompted the user to speak about what 
s/he was seeing and experiencing. Examples of these questions included: “What do you see?”, 
“Is this understandable?”, “Was it difficult to figure it out?” These questions helped the user to 
remember to speak aloud about what s/he was experiencing while interacting with the prototype. 
Additionally, these questions helped to reduce interruptions. The sessions were audio recorded 
with the consent of the participants. Recordings were transcribed and analyzed using content 
analysis methods. Screencasts were recorded on the tablet using the open source app, Recordable 
[112]. The screencasts provided visual information that complemented the analysis of the 
transcriptions. The usability problems found by the potential end users were coded and classified 
using the Mobile Usability Heuristics, which is a modified version of Nielsen’s Heuristics to 
evaluate the usability of mobile applications. Table 8.1 has an explanation of these heuristics.  
The modified version of the Mobile Wireless Technology Acceptance Model (MWTAM) 
usability survey [18] (See Appendix G for instrument) was completed by each participant after 




participants the opportunity to comment more about their user experience with the prototype and 
express additional comments.  Descriptive statistics were used to analyze the usability surveys 
based on MWTAM. The post-usage interviews were transcribed and analyzed using content 
analysis. 
Table 8.1 Mobile Usability Heuristics [113] 
Mobile Usability Heuristic Description 
1. Visibility of system status 
and losability/findability of 
the mobile device  
The system should keep users informed about what is going on. 
2. Match between system & 
real world  
The information is presented to the user in a natural, logical and 
appropriate way (e.g. appropriate use of language). 
3. Consistency and mapping  
There is consistent mapping between user interactions with the 
device buttons/controls and the corresponding tasks (e.g. 
consistency performing similar actions). 
4. Good ergonomics and 
minimalist design 
Mobile devices should be easy to hold/carry. Screens should not 
contain irrelevant information, which is rarely needed. 
5. Ease of input, screen 
readability and glancability 
Data is easy to enter. The information in the screens is easy to 
read. Important information of the system is easy to obtain by 
glancing at it. 
6. Flexibility, efficiency of 
use and personalization 
The interaction with the system is efficient. The system supports 
personalization of frequent actions or dynamic configuration 
according to context. 
7. Aesthetic, privacy and 
social conventions 
Irrelevant information is not provided. User’s information is kept 
private. System is respectful of social conventions. 
8. Realistic error management 
When an error occurs, the system helps the users to recognize, 
diagnose and recover from that mistake. The error messages are 
simple and to the point. The system suggests a solution (e.g. 
hints). If there is no solution, the system lets the user to 
gracefully manage the error. 
 
8.3. Study 5b Results 
Lists of the usability issues found during evaluations with potential end users (test participants) 
are in Tables 8.2-8.6. Figure 8.1 is a visualization of the mobile heuristics and the number of 
usability problems found in each one by the groups of potential end users. Table 8.7  (results  for  






Table 8.2 Usability problems found in end user evaluations for heuristic: visibility of system status and losability/findability of the 
mobile device 
Heuristic 1: Visibility of system status and losability/findability of the mobile device 
Usability problem Description User group that 
experienced the issue 
There were problems going back in ODK 
Survey forms. 
When test participants were creating a new ODK survey form 
and then tried to exit without completing it, an advanced screen 
to delete or save the record appeared to them.  
CHWs 
 
Table 8.3 Usability problems found in end user evaluations for heuristic: match between system and the real world 
Heuristic 2: Match between system and the real world 
Usability problem Description User group that 
experienced the issue 
More familiar words were suggested to 
replace some labels. 
Test participants recommended changing ‘Recommended 
Order’ for ‘Quantity for the Month’ and ‘Request’ for ‘Order’. CHWs 
 
Table 8.4 Usability problems found in end user evaluations for heuristic: consistency and mapping 
Heuristic 3: Consistency and mapping 
Usability problem Description User group that 
experienced the issue 
Main Menu position should be consistent 
throughout application. 
In some parts of the study, the test participants were required to 
go back to the main menu. Some of the screens provided a 
button for this, but in a few screens the test participants had to 
do it manually using the back button provided in the Android 
system. Some of the test participants did not know how to use 
the back button in the Android tablet. 
CHWs, midwives, enrolled 








Heuristic 4: Good ergonomics and minimalist design 
No user experienced any usability problems for this heuristic. 
Table 8.5 Usability problems found in end user evaluations for heuristic: ease of input, screen readability and glancability 
Heuristic 5: Ease of input, screen readability and glancability 
Usability problem Description User group that 
experienced the issue 
Some test participants could not see the 
form field to input the stock amount. 
Some tests participants could not see where to input the stock 
amounts. They mentioned that the form field was faint and they 
could not see it well. 
CHWs, midwives, enrolled 
nurses 
Test participants did not know how to 
swipe well on a tablet. 
Some test participants found it difficult to swipe (bigger 
screen); they swiped into the keypad. 
CHN, CHWs, enrolled 
nurses, midwives and the 
health coordinator 
Test participants were confused about how 
to edit a form field. 
Some test participants found difficulties trying to edit the order 
form fields. They input the new value besides the previous 
without erasing it. 
CHWs, enrolled nurses, 
CHN, midwives 
Emergency transfer did not allow multiple 
selections of health commodities. 
The prototype allowed the test participants to select one health 
commodity at a time to make an emergency transfer from 
another clinic or CHW. 
Health coordinator 
Understanding colors used in tables and 
charts at first was challenging for some test 
participants. 
The use of colors to denote the different levels of stock was a 
new concept for the test participants and was not explained to 
them before the study. Some test participants found their 
meaning intuitive, but others had problems with the meaning of 
the gray color that corresponded to the recommended amount 
to order, another new concept for them that was not explained 
before the test. 
CHWs, enrolled nurses, 
midwives, CHNs 
 
The font size affected screen readability for 
some test participants. 
Test participants found that font size was too small in the 
“Current Stock Levels” graph’s legend and in the “Create New 
Order” screen. 
CHWs 
A legend for the colors should be placed in 
“Create New Order” screen. 
Some test participants forgot the meaning of the colors and 






Heuristic 6: Flexibility, efficiency of use and personalization 
No user experienced any usability problems for this heuristic. 
Heuristic 7: Aesthetic, privacy and social conventions 
No user experienced any usability problems for this heuristic.  
 
Table 8.6 Usability problems found in end user evaluations for heuristic: realistic error management 
Heuristic 8: Realistic error management 
Usability problem Description User group that 
experienced the issue 
Add a maximum value per commodity 
order. 
There was no limit for the amount of commodities that could be 
ordered. This should be validated. Health coordinator 
 





Table 8.7 Summary of modified MWTAM usability survey for all groups of participants. The ranking scale used in this survey was: 1 
– strongly agree, 2 – agree, 3- neutral, 4 – disagree, 5 – strongly disagree. 
Question 
number 
Question Component Ranking 
mean (SD) 
all groups 
1 I find the prototype easy to use. Perceived ease of use 1.33 (0.55) 
2 The information in the prototype is clear and understandable. Perceived ease of use 1.4 (0.49) 
3 Learning to operate the prototype is easy for me. Perceived ease of use 1.53 (0.51) 
4 I find the prototype flexible to interact with. Perceived ease of use 1.43 (0.57) 
5 Using the prototype will enable me to administer my malaria commodities orders more quickly. Perceived usefulness 1.17 (0.38) 
6 I think the prototype will make it easier to order/reorder malaria commodities. Perceived usefulness 1.13 (0.35) 
7 I think the prototype will make it easier to see the level of stock of malaria commodities. Perceived usefulness 1.13 (0.35) 
8 
I think the malaria commodities supply chain management prototype will save 
time in finding out what CHW/Clinic could help me in the case I need to do an 
emergency transfer of antimalarial commodities. 
Perceived usefulness 1.13 (0.35) 
9 I think the malaria commodities supply chain management prototype will save time in reporting the consumption of malaria commodities. Perceived usefulness 1.23 (0.43) 
10 I find the prototype useful. Perceived usefulness 1.13 (0.35) 
11 I think that the use of the prototype will be important to allow me to report the current stock levels of malaria commodities anytime and anywhere. Perceived ubiquity 1.27 (0.45) 
12 I think that the prototype will help the users see the level of stock of malaria commodities anytime and anywhere. Perceived ubiquity 1.2 (0.48) 
13 I think that the prototype will help order/reorder (request) malaria commodities anytime and anywhere. Perceived ubiquity 1.13 (0.35) 
14 In my job, I feel more connected to people around me because of my use of mobile wireless technology. Perceived reachability 1.37 (0.49) 






Table 8.8 Summary of modified MWTAM usability survey by group of participants. The ranking scale used in this survey was: 1 – 
strongly agree, 2 – agree, 3- neutral, 4 – disagree, 5 – strongly Disagree. 
Question 
number Component 
Ranking mean (SD)  
 




CHWs group Managers 
group 
English Twi Total English Twi Total 
1 Perceived ease of use 2 (0) 1.33 (0.58) 1.67 (0.52) 1.4 (0.89) 1.5 (0.58) 1 (0) 1.29 (0.49) 1.17 (0.39) 1 (0) 
2 Perceived ease of use 1.33 (0.58) 1.67 (0.58) 1.5 (0.55) 1.2 (0.45) 1.5 (0.58) 1.4 (0.55) 1.29 (0.49) 1.33 (0.49) 1.67 (0.58) 
3 Perceived ease of use 2 (0) 1.67 (0.58) 1.83 (0.41) 1.4 (0.55) 1.75 (0.5) 1.2 (0.45) 1.57 (0.53) 1.42 (0.51) 1.33 (0.58) 
4 Perceived ease of use 1.33 (0.58) 1.33 (0.58) 1.33 (0.52) 1.2 (0.45) 2 (0) 1.4 (0.55) 1.14 (0.38) 1.25 (0.45) 2 (1) 
5 Perceived usefulness 1 (0) 1.67 (0.58) 1.33 (0.52) 1.4 (0.55) 1 (0) 1 (0) 1 (0) 1 (0) 1.33 (0.58) 
6 Perceived usefulness 1 (0) 1.33 (0.58) 1.17 (0.41) 1.4 (0.55) 1 (0) 1 (0) 1 (0) 1 (0) 1.33 (0.58) 
7 Perceived usefulness 1 (0) 1.67 (0.58) 1.33 (0.52) 1 (0) 1 (0) 1.2 (0.45) 1.14 (0.38) 1.17 (0.39) 1 (0) 
8 Perceived usefulness 1 (0) 1.33 (0.58) 1.17 (0.41) 1 (0) 1.5 (0.58) 1 (0) 1.14 (0.38) 1.08 (0.29) 1 (0) 
9 Perceived usefulness 1 (0) 1.33 (0.58) 1.17 (0.41) 1 (0) 1.5 (0.58) 1.4 (0.55) 1.14 (0.38) 1.25 (0.45) 1.33 (0.58) 
10 Perceived usefulness 1 (0) 1.67 (0.58) 1.33 (0.52) 1.2 (0.45) 1 (0) 1 (0) 1 (0) 1 (0) 1.33 (0.58) 
11 Perceived ubiquity 1 (0) 1.33 (0.58) 1.17 (0.41) 1.4 (0.55) 1.25 (0.5) 1.4 (0.55) 1.29 (0.49) 1.33 (0.49) 1 (0) 
12 Perceived ubiquity 1 (0) 1.33 (0.58) 1.17 (0.41) 1 (0) 1.25 (0.5) 1.2 (0.45) 1.14 (0.38) 1.17 (0.39) 1.67 (1.15) 
13 Perceived ubiquity 1 (0) 1 (0) 1 (0) 1.4 (0.55) 1 (0) 1.2 (0.45) 1.14 (0.38) 1.17 (0.39) 1 (0) 
14 Perceived reachability 1 (0) 1.67 (0.58) 1.33 (0.52) 1.2 (0.45) 1 (0) 1.6  (0.55) 1.57 (0.53) 1.58 (0.51) 1.33 (0.58) 
15 Behavioral intention 1 (0) 1.67 (0.58) 1.33 (0.52) 1 (0) 1 (0) 1.2 (0.45) 1.43 (0.53) 1.33 (0.49) 1.33 (0.58) 
 
Table 8.9 Nielsen’s severity ranking scale [114] 
Rating Description 
0 I don’t agree that this is a usability problem at all 
1 Cosmetic problem only: Need not to be fixed unless extra time is available on project 
2 Minor usability problem: Fixing this should be given low priority 
3 Major usability problem: Important to fix, so should be given high priority 




8.4. Study 5b Discussion 
The research question classified under the dimension system measurement and monitoring 
focused on how the prototype meets the heuristics for user interface design. Results from 
Study 5b show that all user groups experienced more usability problems in mobile heuristic 
“Ease of input, screen readability and glancability.” The users did not complain about 
problems related to mobile heuristics: “Good ergonomics and minimalist design”, 
“Flexibility, efficiency of use and personalization” and “Aesthetic, privacy and social 
conventions.” The usability problems found during user evaluations were mostly associated 
with performing tasks. This finding is consistent with literature on usability evaluations with 
potential/actual end users [115, 116]. 
The end users interviewed in English and in Twi found different usability problems. The 
midwives interviewed in Twi had one more usability problem than the midwives interviewed 
in English. The enrolled nurses (interviewed in Twi) differed from the CHNs (interviewed in 
English). The enrolled nurses experienced one-half more usability problems than the CHN. 
CHNs have been using the CommCare system for longer time than the enrolled nurses. Thus, 
CHNs may be more familiar with a similar technology. The CHWs interviewed in English 
experienced one more problem than those interviewed in Twi. In general, those performing 
similar tasks in their work found almost the same number of issues. The use of a local and a 
foreign test facilitator can compensate for cultural differences, and helped to obtain a more 
complete list of usability issues.  
Instructions and questions included in the Think-Aloud Protocol instrument reminded the 
user to speak aloud about what s/he was thinking and experiencing while using the prototype. 
This variant of the Think-Aloud Protocol guided the participants to speak more with fewer 





Two other research questions classified under the dimension system measurement and 
monitoring asked about the system’s perceived usability, “Is the system perceived usable by 
the end users?” and the system’s perceived ease to use, “Is the system perceived easy to use 
by the end users?” Analysis of MWTAM based usability surveys and post-usage interviews 
showed that on average, end users that tested the software prototype strongly agreed that it is 
easy to use and useful (See Table 8.7). Results in Table 8.8 show that the midwives, CHNs 
and managers agreed that the software prototype is easy to use and strongly agreed that is 
useful. The enrolled nurses and CHWs strongly agreed that the software prototype is both 
easy to use and useful. Furthermore, on average test participants also strongly agreed that 
they intended to use the software prototype (See Table 8.7). 
8.5. Study 5b Conclusion 
Based on the analysis of Study 5b results, it can be concluded that usability evaluations 
performed in international projects should not ignore the cultural effects; otherwise 
incomplete lists of usability problems would be obtained and/or conclusions could be invalid. 
The use of a local and foreign test facilitators is recommended to compensate for cultural 
differences. The variant of the Think-Aloud Protocol used in the evaluation with the test 
participants helped to obtain richer data and identify usability problems. The majority of 
usability problems identified were related to performing tasks. Results from usability surveys 
and post-usage interviews found that on average test participants strongly agreed that the 
software prototype was both easy to use and useful for them. Moreover, results suggest a 








Chapter 9. Study 5c - Software Prototype Heuristic Evaluation with Experts 
Chapter 9 presents Study 5c that consisted on performing heuristic evaluation of the software 
prototype with experts in usability/visualization. The main objective of this research study 
was to obtain valuable usability feedback from experts to increase the potential of adoption of 
the prototype. Findings of the Study 5c are presented and discussed in this chapter. 
9.1. Study 5c Introduction and Background Information 
Heuristic evaluation [117] is a type of usability inspection method. Usability inspection 
methods are performed by evaluators with the objective of inspecting the interfaces for 
usability defects [118]. The main goal of this evaluation method is to identify the usability 
defects that would make it difficult for end users to accomplish their tasks with the system. 
Evaluators are usually the usability experts. Each evaluator assesses whether the system 
follows established usability guidelines or not. The method can be used in the different 
design phases. 
The main objective of Study 5c was to find usability problems in the software prototype in 
order to better understand potential improvements, and thus increase usability and the 
potential of adoption.  
9.2. Study 5c Methods 
Four usability/visualization experts were recruited from academia and industry settings in 
New York. Among them, two assistant professors at Columbia University, one assistant 
professor at the State University of New York and one expert in human factors, currently 
doing usability evaluations in the healthcare industry. Experts were asked to assess the 
compliance of the prototype tool with the heuristics for mobile applications (See Table 8.1). 
The evaluation required the identification of usability problems. The expert had to provide 




problem; rank the severity of the problem using Nielsen’s severity ranking scale 0-4 (See 
Table 8.9) and recommend a solution to the problem. 
9.3. Study 5c Results 
The results from the usability expert evaluations are located in Tables 9.1-9.8. Each table 
includes the following categories: (1) usability problems; (2) average severity rankings; (3) 
which experts identified the issues (source); and (4) recommendations to solve the problems. 
Usability problems were ordered from most to least severe within each heuristic category. 







Table 9.1 Usability problems, severity ranking, and recommendations for heuristic: visibility of system status and losability/findability of the 
mobile device 
Heuristic 1: Visibility of system status and losability/findability of the mobile device 
Usability problem Average severity ranking Source Recommendation 
It was not clear if user was editing or creating a 
new order. 
4 – Usability catastrophe Expert 4 Put a button that reads, ‘Edit quantity.’ 
There was no progress indicator in the Report 
Stock Levels form. 
3 – Major usability problem Expert 4 
Include progress indicator. It could be a bar 
graph. This could show the number of steps 
completed and remaining, or the percent of 
steps completed and remaining. 
There was no confirmation message when form 
was saved correctly. This happened in Report 
Current Stock Level, Create New Order, and 
Emergency Transfer. 
3 – Major usability problem Experts 1,3 Display confirmation message.  
When users tried to go back after starting a new 
form in ODK Survey, a prompt to delete/save a 
record was shown. This was an issue associated 
to the beta version of ODK Survey platform. 
2 – Minor usability problem Expert 2 Fix the bug in ODK Survey beta version. 
The title of the form did not distinguish from 
buttons ‘Back’ and ‘Next’. 
2 – Minor usability problem Expert 3 
Distinguish the form title from the other form 












Table 9.2 Usability problems, severity ranking, and recommendations for heuristic: match between system and the real world 
 
Heuristic 2: Match between system and the real world 
Usability problem Average severity ranking Source Recommendation 
In Emergency Transfer, the source and 
destination labels were not clear. 
3 – Major usability problem Expert 1 
Specify explicitly the Clinic of Origin 
and the Clinic of Destination in the 
Emergency transfer. 
The ’Next’ button was not so obvious. 3 – Major usability problem Experts 3, 4 
Place the ‘Next’ button in a position 
closer to the form fields. 
 
Table 9.3 Usability problems, severity ranking, and recommendations for heuristic: consistency and mapping 
 
Heuristic 3: Consistency and mapping 
Usability problem Average severity ranking Source Recommendation 
The “Send Stock Order” button in Create New 
Order, blended with list and it was not clear it 
was a primary action button. 
4 – Usability catastrophe Expert 4 
Make the “Send Stock Order” button 
very obvious. 
The Main Menu position was not consistent 
throughout the application. 
2 – Minor usability problem Experts 1, 2, 3, 4 
Have a button to the main menu, always 
persistent in the top left corner. 
The font size was not consistent between screens. 1 – Cosmetic problem only Expert 3 













Table 9.4 Usability problems, severity ranking, and recommendations for heuristic: good ergonomics and minimalist design 
 
Heuristic 4: Good ergonomics and minimalist design 
Usability problem Average severity ranking Source Recommendation 
Swiping with the fingers was not 
considered ideal for clinical settings. 
1 - Cosmetic problem only Expert 3 Use pen to swipe. 
 
Table 9.5 Usability problems, severity ranking, and recommendations for heuristic: ease of input, screen readability and glancability 
 
Heuristic 5: Ease of input, screen readability and glancability 
Usability problem Average severity ranking Source Recommendation 
User had to recall information from 
Emergency Transfer map. 
3.33 – Major usability problem Experts 1, 2, 4 
Have the map always visible during the 
emergency transfer. Split the screen in two. 
One-half could contain the map and the other 
half the Emergency Transfer form. Display the 
color-coded amount of the current levels of the 
selected commodity in each of the clinics 
available for an emergency transfer. 
Information from Current Stock Levels 
Table and Graph could be combined in 
one screen to improve glancability. 
3 – Major usability problem Expert 3 Split the screen in two. One half could contain the table and the other half the graph. 
An evaluator had to use backspace key to 
remove previous input when editing a 
form field. 
3 – Major usability problem Expert 1 On focus should delete previous input. 
There was no "Order All Recommended 
Amounts" button in Create New Order. 
2.5 – Major usability problem Experts 1, 4 Add “Order All Recommended Amounts” 
button. 
Colors were not explained in Create New 
Order screen. 
2 – Minor usability problem Expert 4 Include legend for colors in Create New Order screen. 
Colors used in visualizations did not 
consider colorblind users. 
2 – Minor usability problem Expert 2 
Encode information in different ways (i.e. 
numbers, symbols, hash marks, dots, etc.). Have 






Heuristic 5: Ease of input, screen readability and glancability 
Usability problem Average severity ranking Source Recommendation 
The graph displayed after completing an 
order submission did not have a title label. 
2 – Minor usability problem Expert 4 Include title above graph. 
The small size of numbers caused a 
readability problem in Create New Order. 
2 - Minor usability problem Experts 2, 3 Increase font size. Add transparency to the color. Use black font. 
There were difficulties reading the numbers 
in the Current Stock Levels graph because 
most data points were in the first interval, 
which corresponded to a small area. 
2 - Minor usability problem Experts 2, 3, 4 
Increase space that graph takes. Use 
percentages in the graph instead of absolute 
values and display the absolute values as well. 
Recommended amount could be added with 
fewer taps in Create New Order. 
2 – Minor usability problem Experts 1, 3, 4 
Create button to add recommended amount. 
Prefill the recommended value in the text field. 
A ‘Select All’ button could save number of 
taps in Create New Order. 
2 – Minor usability problem Experts 1, 3 
Create ‘Select All’ button 
 
Evaluator needed to know how to swipe. 2 – Minor usability problem Expert 1 
Have the instructions of how to swipe in the 
first screen. 
 
Table 9.6 Usability problems, severity ranking, and recommendations for heuristic: flexibility, efficiency of use and personalization 
Heuristic 6: Flexibility, efficiency of use and personalization 
Usability problem Average severity ranking Source Recommendation 
Evaluator had to tap on the text field to see 
the keypad. 
2 – Minor usability problem Experts 1, 4 Make the keypad persist. 
Tappable regions were too close in Current 
Stock Levels report. 
2 – Minor usability problem Expert 4 Increase spacing between tappable regions. 
The size of the font for the word ‘YOU’ was 
not big enough. 
1- Cosmetic problem only Expert 3 Increase the size of the font for ‘YOU’ word. 
Orders should be placed in only one screen. 1 - Cosmetic problem only Experts 2, 3 







Table 9.7 Usability problems, severity ranking, and recommendations for heuristic: aesthetic, privacy and social conventions 
Heuristic 7: Aesthetic, privacy and social conventions 
Usability problem Average severity ranking Source Recommendation 
Evaluator asked to improve aesthetics. 1 - Cosmetic problem only Expert 3 
Put color to buttons so that they can 
differentiate between regular and emergency 
orders of health commodities. Use more icons 
and pictures. 
 
Table 9.8 Usability problems, severity ranking, and recommendations for heuristic: realistic error management 
Heuristic 8: Realistic error management 
Usability problem Average severity ranking Source Recommendation 
The scale of the Current Stock Levels graph was 
affected when evaluator entered a large quantity. 
2 – Minor usability problem Expert 3 Restrict the maximum amount to order. 
No error message appeared in “Create New 
Order” when the evaluator tapped on “Next” 
button without selecting stocks. 
2 – Minor usability problem Expert 4 Need error message. 
 





9.4. Study 5c Discussion 
The research question under the dimension system measurement and monitoring was, “How does 
the prototype meet the heuristics for user interface design?” 
Like the usability evaluations with the end users (Study 5b), the experts also found the most 
problems in “Ease of input, readability and glancability” category. The next category in which 
they found more issues was in “Flexibility, efficiency of use and personalization.” The focus of 
the usability problems found by experts was on the user interface features that can prevent users 
from efficiently completing tasks. This finding is consistent with the literature on heuristic 
evaluations with experts [115, 116]. 
Heuristic evaluations presented more usability issues (See Figure 9.1); however most of these 
issues were minor usability problems or cosmetic problems (See Figure 9.2). This finding is also 
consistent with the literature [116, 119]. 
The research question in the Human-Computer interface dimension examined the elements in the 
prototype that would improve its acceptance. The evaluations with experts and end users were 
important because both groups were able to detect different usability problems before 
implementation in order to improve the acceptance of the supply chain management prototype. 
Listed below are suggested improvements to the software prototype obtained from triangulation 
of evaluation studies with experts and end users. 
1. Remind the user that s/he can swipe in order to use the prototype. Add an initial help 
screen indicating the user how to swipe (See Figure 9.3). 
2. The “Main Menu” (home) button should be consistent throughout the application. 
Increase the font size to improve the readability of the screen. Remind the user of the 





3. Make the keypad persistent. Users will save a step to input data and also will not need to 
look for the text field. This will make the input process easier and more efficient (See 
Figure 9.5).  
4. Add current stock levels with their corresponding color codes to the “Emergency 
Transfer of Stock” screen. Place a legend to explain the meaning of the colors. Specify 
clinics of origin and destination (See Figure 9.6). 
































































































9.5 Study 5c Conclusion 
Experts’ feedbacks from heuristics evaluations are important to discover problems and improve 
the usability of software prototypes. Both evaluations with experts and end users are 
recommended to obtain a more complete list of usability problems. 
Lessons learned in Studies 5b and 5c suggest that it is recommended to perform heuristic 
evaluations before the user evaluations. Experts’ feedback is centered mainly in improving the 
ease of use of a prototype. After correcting usability issues related to ease of use, a usability 
evaluation with the end users can be performed. The researcher can then focus mainly in 
obtaining valuable information on usability issues that concern the usefulness of the prototype. 
Moreover, it is recommended to do more than one iteration of the evaluations with experts and 
















Chapter 10. Overall Discussion 
Chapter 10 contains a summary discussion of all the studies of the dissertation and it explains the 
contribution of the dissertation work. It also exposes the identified limitations and explains 
potential future work.  
10.1. Summary of Findings Across Studies 
Sittig and Singh’s 8-dimension STM is the theoretical underpinning for this dissertation. It was 
used across the different studies, as research questions were framed around the STM framework. 
This theoretical underpinning enabled a better understanding of the complex context of resource 
poor settings, such as those found in rural Ghana. Contextual information was obtained for all 
the dimensions of the model: Hardware and software computing infrastructure; Clinical content; 
Human-computer interface; People; Workflow and communication; Internal organizational 
policies, procedures and culture; External rules, regulations and pressures; and, System 
measurement and monitoring. Sittig and Singh’s STM is recommended for use in other studies in 
LMIC because it can help to improve systems at all stages of research and because it helps 
researchers to consider the complex and unique challenges of resource poor settings of LMIC. 
Study 1 of this dissertation presented a novel method to identify potentially impactful 
interventions for a malaria control program in resource poor settings. The results demonstrated 
that it was possible to use SNA to identify key stakeholders and to prioritize challenges and 
health information needs by task intensity and importance to automate within resource poor 
settings. Based on this analysis and other contextual factors, AIM 2  comprised the design, 




There were changes in the socio-technical environment between Study 1 and 2. The majority of 
the challenges identified in Study 1 remained similar while others were reduced or reported as 
non-issues. The relevance of the AIM 2 research focus in a supply chain and stock management 
eHealth/mHealth solution was confirmed. It is important to validate the results of information 
needs studies when there have been significant changes in the socio-technical environment. In 
the future, it is recommended to have more than one focus group to validate the results until 
saturation is reached. One key advantage was the presence of a native speaker assistant 
moderator, which was very useful in Study 2. This was especially practical for verbally 
translating parts of the focus group to Twi to clarify arguments and reduce the possibility of 
communication bias. 
Study 3’s key findings were: workflows of MVP Bonsaaso, Ghana supply chain processes, 
documentation of the challenges and opportunities in MVP Ghana supply chain, and the 
specification of functional and non-functional requirements of the malaria supply chain 
management prototype. UCD approaches were used in Study 3, including focus groups, 
interviews, observations and participatory design. Lessons learned from the collaborative 
creation of supply chain process workflows in focus groups have not been widely documented. 
From my experience leading this study at MVP Ghana, it was an effective way to rapidly and 
visually collect processes data. It was good to separate managers from health workers in two 
focus groups, not only to avoid bias of shyness and dominance, but also to learn about the issues 
and processes involved in the MVP supply chain from the health workers point of view, and then 
validate those documented workflows with the managers. Some of the CHWs that participated in 
the focus group, were not familiar with the symbols to document processes. Training sessions for 




In Study 4, we developed a mock-up of functional requirements in a low fidelity prototype 
(paper prototype) to garner user input. A low fidelity prototype is an appropriate method of 
communication between the researcher and the end users to obtain early usability feedback in a 
resource poor setting. Results from Study 4, along with expert feedback, were used to produce a 
high-fidelity prototype. A high fidelity prototype (software prototype) is needed to uncover 
problems of interaction between the users (with lower levels of ICT proficiency) and the 
technology. 
The findings of the Design-Reality Gap Risk Assessment Workshop (Study 5A) suggested a low 
risk of implementation for the high-fidelity prototype. It is recommended for future studies to 
have a native speaker serving as a research assistant to aid the principal investigator with the 
workshop. Even though the workshop is not a focus group, it is important to separate health 
workers and managers into two different groups. This is due to my experience supervising this 
workshop, in which I witnessed that strong comments of one of the managers influenced health 
workers’ responses. One final improvement to this aspect of the research is to bring more than 
one mobile device so that users can test the prototype. 
Study 5B results including usability surveys and post-usage interviews suggested that, on 
average, all health workers perceive the prototype as easy to use and useful for them. Moreover, 
results predict a potential adoption of the software prototype. However, there is still more work 
to do to improve the high fidelity prototype and increase its potential for adoption, findings from 
evaluations with experts and end users indicate usability problems. Usability studies with experts 
(Study 5C) produced a list of recommendations in how to improve the software prototype. 
Lessons learned from the analysis of end users’ and experts’ evaluations lead to the conclusion 




effects; otherwise, incomplete lists of usability problems could be obtained and/or conclusions 
could be invalid. The use of both a local and a foreign test facilitator is recommended to 
compensate for cultural differences. The use of both types of evaluations is recommended for 
HIS projects in LMIC. From the lessons learned it is also recommended to do more than 1 round 
of evaluations with experts and end users. The criteria would be to stop when there are no more 
usability problems detected, and also it would be ideal to finish with an end user evaluation. 
In regards to the lessons learned about MVP Bonsaaso, Ghana supply chain, data analysis 
outlined multiple challenges:  
(1) Improper awareness of current stock levels. For this the following implemented option of the 
prototype can be used: Report stock levels.  
(2) Some health commodities emergency transfers were performed without supervision and 
notification to the SCM. This issue will be solved with the option: Emergency transfer of stock.  
(3) Problems related to availability and quality of consumption data. The solution recommended 
and implemented in the prototype: Report stock levels.  
(4) Health workers did not know when and how much to reorder to avoid stock-outs. For this the 
following functions can be used: order of stock, visualization of current stock levels (tabular and 
chart formats) and emergency transfer of stock. 
10.2. Contributions 
This dissertation research contributes to the knowledge base by providing first, a novel method 
to identify impactful interventions for a malaria control program in resource poor settings. 
Second, it introduces a novel software prototype that was designed, developed and evaluated, to 
provide decision support to health workers and supervisors to improve the management of 




demand. Finally, it makes contributions to the literature on design, development and usability 
evaluation of context-appropriate health informatics applications through the lessons learned in 
the field and in the research laboratory that were documented and that can be applied in other 
resource poor settings of LMIC. 
10.3. Limitations  
The sample size for the studies is relatively small because of financial constraints. The research 
project had a limited budget that influenced the time spent collecting data in the field. !The 
method to identify and prioritize health information needs introduced in Study 1 could only be 
partially validated, due to the socio-technical changes between Study 1 and 2. Study 2 consisted 
of a focus group that mixed managers and health workers in the same group, and could 
potentially have dominance and shyness biases. User-centered design methods require further 
refinement in resource poor settings. Some stakeholders may not be able to fully participate in 
giving suggestions for the design of the prototype because of their low levels of ICT proficiency. 
Methods used for the design of the prototype were UCD qualitative approaches and there may be 
a potential monomethod bias on the design of the prototype. Regarding the forecasting function 
of the prototype, the quality of the fever cases dataset affects the accuracy. A higher volume and 
better quality of data is necessary to improve the estimation of the antimalarial commodities 
demand. Finally, this dissertation was not designed to demonstrate improvement in health 
outcomes. 
10.4. Future Research 




New research may focus on suggestions from the usability studies with experts and end users. 
This includes testing the improvements with the end users to ensure they are effective and not 
overly complex. Designs need to be kept simple and useful, especially if a good portion of users 
have low ICT proficiency. Additional research may examine the forecasting methods. The MVP 
Bonsaaso, Ghana cluster started to collect fever and malaria cases data in their mobile 
application last year. Thus, more data will become available, resulting in the opportunity to 
examine and improve forecasting. Another topic for further research is interdisciplinary in nature 
and combines the malaria and fever case data with meteorological data for the forecasting of 
malaria commodities. Other useful studies would be to evaluate the MVP cluster supply chain 
efficiency improvements and the effectiveness to reduce stock-outs produced by the software 
prototype. Finally, future work would be an investigation to integrate the software prototype with 
other open source solutions such as OpenMRS. 
10.5. Conclusions 
Supporting the work of healthcare professionals through the use of technology in underserved 
areas of LMIC is very important to reduce mortality rates caused by malaria and other infectious 
diseases. Useful information tools that integrate seamlessly with health worker workflows are 
needed to enable them to perform their work more effectively. 
This dissertation studied the different health information needs and challenges of the MVP 
Malaria Program in rural Ghana. A new method introduced by the author was applied to 
prioritize health information needs of stakeholders that have the potential to have a higher impact 
in solving health related problems. User-centered approaches were used and adapted to consider 
the unique resource constraints in rural areas. A new software prototype to reduce stock-outs of 




considered both easy to use and useful by the key stakeholders who evaluated its usability in 
rural Ghana. More research is needed to evaluate the effectiveness of the prototype in reducing 
stock-outs. Further, additional work should examine new models that allow for more 
improvements in the efficiency of health commodities supply chain management at the MVP 
Ghana cluster. 
Also, there is a need for more research studies similar to those performed in this dissertation that 
involve health workers in the research lifecycle and consider socio-technical factors to create 
useful, easy to use and cost-effective mHealth/eHealth tools to support health workers in 
resource constrained environments of LMIC. This research is critical, as it will potentially result 
in various improvements in the different levels of LMIC health systems, such as: the efficiency 
increase of health related processes that can result in cost and time savings; the increased 
availability and improved quality of healthcare data; quality improvement of healthcare services 
through decision making support. These potential improvements in health systems will 
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APPENDIX A: Interview Instrument for Needs Assessment 
1. What type of reports related to malaria do you submit? Please specify the frequency, the 
stakeholders that receive them and the issues/challenges in the data quality and in completing 
the report.  
Report name* Frequency Organizations/Persons 
that receive report 
Issues and challenges 
in data quality and in 
completing report 
    
    
* Interviewees will be given a predefined list of report names specific to the stakeholder. If a 
report is not in the list, the interviewer should record information about it. 
2. What type of reports do you receive? Please specify the frequency and the stakeholders that 
send them. Have you identified data quality issues in those reports? 
3. Select all activities that are related to malaria. Rate their level of difficulty. Use a scale from 
1 to 5. Where 1 is equivalent to easy and 5 to complex. Specify the current issues and 
challenges you face with this activity. Do you have any suggestions to improve the task? If 
applicable, rate the importance of enhancing this task using eHealth tools. Use a scale from 1 
to 5. Where 1 is equivalent to the highest priority and 5 corresponds to the lowest priority. 
 





    
    
 
*Interviewees will be provided with a predefined list of activities specific to the stakeholder. 
If a task is not in the list, the interviewer should record information about it. 
4. What type of tools do you use to collect malaria data? 
5. What type of tools do you use to create malaria reports?  
6. What type of eHealth tools would facilitate your work? 
7. Which are the most common ways you identify data quality problems? (Select one or more) 
• Patient data is not available 
• Form data legibility 




• Reports timeliness problems 
• Data completeness edits when data is transferred from paper to the system (OpenMRS, 
ChildCount+, other mHealth applications) 
• Errors reported on individual records 
• Data quality edits when data is transferred from paper to the system (OpenMRS, 
ChildCount+, other mHealth applications) 
• External or Internal data audits 
• Other(s) ________________________________________________________________ 
8. What type of monitoring methods do you use in your work to prevent problems with health 
data quality? 
9. How do you ensure the confidentiality and security of the health data you manage? 
10. Name all of the stakeholders that you directly communicate with for malaria related 
activities. What is the purpose of the communication?  (i.e. information sharing, problem 
solving, technical support). How would you classify your relationship with this stakeholder 
(frequent and regular (daily, weekly), infrequent and regular (monthly, quarterly), infrequent 
(unusual)). Have you detected any problem in the communication? Where did you find that 
problem? What type of information you exchange? Have you detected any problem in the 
quality of data that you exchange? Where did you find that problem? 
11. In order to make your work more efficient, how do you think you and the people you interact 
with should do differently? What new relationships will have been formed? How will 
existing relationships change? 














APPENDIX B: Instrument for Requirements Specification Interviews and Observations 
1. Ask the subject to observe him/her while doing their work or to recreate the following 
process. Please use artifacts [real forms, reports, cell phone application] from the actual 
process to make a simulation of the process. 
2. Ask him/her to show how they gather information about RDTs and ACTs 
• In paper 
• In CommCare. 
3. What are the challenges s/he is facing with this process? 
4. Observe how the participant makes/receives orders for more supplies of RDTs and 
antimalarials. 
5. Who s/he contacts to order antimalarials/RDTs [other CHWs, who in the facility or MVP 
office] 
6. What are the challenges s/he is facing with this process? 
7. How does s/he manage the low levels of stocks or stock-outs? 
8. What is the level of RDTs and antimalarials that s/he considers minimum? Note: this is the 
level of stock in which s/he will ask for more supplies 
9. Who does s/he contact to request more antimalarials/RDTs? [it could be different people] 
10. How does s/he calculate the amount of antimalarials/RDTs that she requests? 


















APPENDIX C: Instrument for Participatory Design 
1. Please select those medications that you use to treat malaria and its comorbidities. Also 
include those that are not in the list. What doses are you using? What is the minimum level of 






• Deworming Tablets  
• Vitamin A Capsules 
2. Would you like something that will help you remember the doses of Coartem? How would 
you like the screen to look like? [examples: table, pictures, draw it yourself] 
3. What other communities are nearby you? What other clinics/CHWs you have contacted when 
you run low of medication? Draw a map. 
4. Imagine you have to design the following screens, what information would you include? 
• Order Drugs/RDTs 
• Receive Drugs/RDTs 
• Transfer Drugs/RDTs 
• Reports/Visualizations 
5. Have you ever used a computer? For what purpose?  
6. Are you familiar with mobile apps?  
















APPENDIX D: Tabular representation of Malaria Supply Chain Management processes 
Table D.1 Tabular representation of the process: dispensing of drugs at the clinics 
Workflow component Focus 
group 
Observations Interviews CommCare 
application 
Documents 
1. Is patient already registered?  X X   
2. Register patient in book.  X X   
3. Diagnose clinically. X X X   
4. RDT stock available? X X X  X 
5. Test RDT. X X X  X 
6. RDT result positive? X X X  X 
7. Suspect severe malaria? X  X  X 
8. Has malaria treatment failed? X X X   
9. Give first line treatment for malaria. X X X  X 
10. Suspect severe malaria? X  X  X 
11. Call telemedicine center for 
advice. 
 X    
12. Follow treatment recommended by 
doctor. 
 X    
13. Malaria treatment failed? X X X   
14. Give first line treatment for 
malaria. 
X X X   
15. Drugs available? X X    
16. Give second line treatment for 
malaria. 
X X    
17. Counsel patient. X X X   
18. Dispense drugs. X X X   
19. Fill in the drugs and non-drugs 
dispensing book. 
 X X  X 
20. Fill in fever register paper form. X X X  X 
21. Drugs available? X X    
22. Give second line treatment for 
malaria. 
X X    
23. Counsel patient. X X X   
24. Dispense drugs. X X X   
25. Fill in the drugs and non-drugs 
dispensing book 
 X X  X 
26. Fill in fever register paper form. X X X  X 
27. Drugs available? X X X  X 
28. Counsel patient. X X X   
29. Dispense drugs. X X X  X 
30. Fill in the drugs and non-drugs 
dispensing book. 
 X X  X 
31. Was an RDT used? X X X  X 
32. Fill in fever register paper form. X X X  X 
33. Referral requested?   X  X 





Table D.2 Tabular representation of the process: dispensing of drugs at the communities 
Workflow component Focus 
group 
Observations Interviews CommCare 
application 
Documents 
1. Is patient already registered?  X X X  
2. Register patient in CommCare.  X X X  
3. Diagnose clinically. X X X X  
4. RDT stock available? X X X X X 
5. Refer patient. X X X X  
6. Test RDT. X X X X X 
7. RDT result positive? X X X X X 
8. Is patient pregnant?  X  X  
9. Suspect severe malaria? X X X X X 
10. Has malaria treatment failed? X X X   
11. Give first line treatment for 
malaria. 
X X X X X 
12. Drugs available? X X X X  
13. Refer patient. X X X X  
14. Fill in fever register paper 
form. 
X X X   
15. Counsel patient. X X X X  
16. Dispense drugs. X X X X X 
17. Patient in target group?  X  X  
18. Record number of RDTs 
used in the visit and the number 
of RDTs positive in the 
CommCare System. 
 X X   
19. Record number of drugs 
given in visit in the CommCare 
system. 
X X  X  
20. Fill in fever register paper 
form. 
X X X  X 
21. Fill in the CHWs dispensing 
template. 















Table D.3 Tabular representation of the process: monthly order of drugs 
Workflow component Focus 
group 
Observations Interviews CommCare 
application 
Documents 
1. Count drugs. X X X   
2. Fill in stock sheet with the 
current levels of stock and the 
expiry date for each drug in the 
clinic store. 
 X X  X 
3. Determine which drugs need to 
be reordered and the amount 
needed. 
X X X  X 
4. Prepare requisition book.  X X  X 
5. Submit requisition book and 
stock sheet to the pharmacy 
technician. 
 X X  X 
6. Receive and review orders. X X X  X 
7. Is order OK? X X X  X 
8. Modifies quantities in order. X X X  X 
9. Get drugs at medical stores. X X X  X 
10. Count drugs. X X X   
11. Determine which drugs need to 
be reordered and the amount 
needed. 
X X X  X 
12. Fill drug order paper form.  X   X 
13. Submit drug order and CHW 
dispensing template to CHN. 
 X   X 
14. Review and submit drugs order 
and dispensing template to phar-
macy technician. 
 X   X 
15. Order from a clinic? X X X   
16. Distribute drugs for clinics. X X X   
17. Receive drugs and acknow-
ledge reception in distribution form. 
X X X  X 
18. Place drugs in clinical store.  X X   
19. Update inventory control card.  X X  X 
20. Receive drugs from another 
clinic? 
X X X   
21. Give back drugs to the other 
clinic. 
X X X   
22. Update inventory control card.  X X  X 
23. Distribute drugs for CHWs. X X X   
24. Receive drugs and acknow-
ledge reception in distribution form. 
 X X  X 
25. Received drugs from another 
CHW? 
X X X   
26. Give back drugs to the other 
CHW. 





Table D.4 Tabular representation of the process: emergency order of drugs 
Workflow component Focus 
group 
Observations Interviews CommCare 
application 
Documents 
1. Count drugs. X X X   
2. Drug stock level <= reorder 
quantity 
X X X   
3. Call pharmacy technician to 
inform about needed drugs. 
X X X   
4. Check with other clinic could 
provide needed drugs. 
X X X   
5. Transfer drugs from another 
clinic. 
X X X   
6. Receive needed drugs and put 
them in clinical Store. 
 X X   
7. Update inventory control card.  X X  X 
8. Count drugs. X X X   
9. Drug stock level <= minimum 
quantity 
X X X   
10. Fill MVP drug order paper 
form. 
 X   X 
11. Submit drug order and CHW 
dispensing template to CHN. 
 X   X 
12. Review of drug order and 
dispensing template. Submit 
them to pharmacy technician. 
 X   X 
13. Receive and review orders. X X X  X 
14. Is order OK? X X X   
15. Modifies quantities in order. X X X  X 
16. Distribute drugs for CHWs. X X X   
17. Receive drugs and acknow-
ledge reception in distribution 
form. 
 X X  X 
18. Received drugs from another 
CHW? 
X X X   
19. Give back drugs to the other 
CHW. 











Table D.5 Tabular representation of the process: monthly order of RDTs 
Workflow component Focus 
group 
Observations Interviews CommCare 
application 
Documents 
1. Count RDTs. X X X   
2. Number of RDTs <= 
minimum quantity 
X X X   
3. Prepare MVP fever register 
paper form and send it to 
laboratory technician. 
X X X  X 
4. Calculate consumption of 
RDTs using fever register form. 
X X   X 
5. Determine number of RDTs to 
distribute. 
X X   X 
6. Order from clinic? X X   X 
7. Receive RDTs and 
acknowledge reception in the 
malaria RDT distribution form. 
X X X  X 
8. Place the RDTs in clinical 
store. 
 X X   
9. Update inventory control card.  X X  X 
10. Received RDT from another 
clinic? 
X X X   
11. Give back RDTs to the other 
clinic. 
X X X   
12. Count RDTs. X X X   
13. Number of RDTs <= 
minimum quantity 
X X X   
14. Fill in MVP fever register 
paper form and send it to the 
CHN. 
X X X  X 
15. Receive fever register paper 
form and send it to laboratory 
technician. 
X X X  X 
16. Receive and distribute RDTs 
to CHWs. 
X X X   
17. Receive RDTs. X X X   
18. Received RDT from another 
CHW? 
X X X   
19. Give back RDTs to the other 
CHW. 








Table D.6 Tabular representation of the process: emergency order of RDTs 
Workflow component Focus 
group 
Observations Interviews CommCare 
application 
Documents 
1. Count RDTs. X X X   
2. Number of RDTs <= 
minimum quantity 
X X X   
3. Call laboratory technician to 
inform about needed RDTs. 
X X X   
4. Determine number of RDTs 
to distribute. 
X X   X 
5. Order from a clinic? X X    
6. Receive RDTs and 
acknowledge reception in the 
malaria RDT distribution form. 
 X X  X 
7. Place the RDTs in clinical 
store. 
 X X   
8. Update inventory control 
card. 
 X X  X 
9. Received RDT from another 
clinic? 
X X X   
10. Give back RDTs to the 
other clinic. 
X X X   
11. Count RDTs. X X X   
12. Number of RDTs <= 
minimum quantity 
X X X   
13. Fill in MVP fever register 
paper form and send it to CHN. 
X X X  X 
14. Receive fever register paper 
form and send it to laboratory 
technician. 
X X X  X 
15. Calculate consumption of 
RDTs using fever register form. 
X X   X 
16. Receive and distribute 
RDTs to CHWs. 
X X X  X 
17. Receive RDTs. X X X  X 
18. Received RDT from another 
CHW? 
X X X   
19. Give back RDTs to the 
other CHW. 









APPENDIX E: Design-Reality Gap Model Risk Assessment Workshop Instrument 
Design-Reality Gaps Risk Assessment Workshop Instrument  
In this workshop assess the risks of the malaria commodities supply chain management 
prototype. The questions will relate to the seven 'ITPOSMO' dimensions relevant to design–
reality gaps are: information (i.e., dataflow); technology (i.e., hardware and software); processes; 
objectives and values (i.e., culture, politics); staffing and skills; management systems and 
structures; and other resources (i.e., time and money) 
Using each of the seven ITPOSMO dimensions analyze two things: 
• The organizational reality relating to that dimension that exists right now 
• The conceptions/requirements within the design of the prototype application. 
 
For each one of the dimensions, give a numerical rating to indicate the size of the design-reality 
gap on that dimension. The rating for each dimension's gap can be anywhere on a scale from 0 to 
10.  
• 0 rating would indicate 'no change between the design proposal and current reality'. 
• 5 rating would indicate 'some degree of change between the design proposal and current 
reality'. 
















APPENDIX F: Think-Aloud Protocol Instrument 
Case Scenarios for Think-Aloud Protocol Evaluation of Malaria commodities supply chain 
management prototype with end users 
Please remember to speak aloud as you perform the tasks below. 
REPORT STOCK LEVELS 
1. Select “Report Stock Levels” main menu option. 
2. Select all of the health commodities. 
3. Swipe the screen from right to left.  
4. Enter the amount of “10” for the current level of RDT.  
5. Swipe the screen from right to left. 
 
6. Enter the amount of “15” for the current level of Coartem 6.  
7. Swipe the screen from right to left. 
 
8. Enter the amount of “20” for the current level of Coartem 12.  
9. Swipe the screen from right to left. 
 
10. Enter the amount of “25” for the current level of Coartem 18.  
11. Swipe the screen from right to left. 
 
12. Enter the amount of “30” for the current level of Coartem 24.  
13. Swipe the screen from right to left. 
 
14. Enter the amount of “35” for the current level of Paracetamol.  
15. Swipe the screen from right to left. 
 
16. Enter the amount of “40” for the current level of ORS. 
17. Swipe the screen from right to left. 
 
18. Enter the amount of “45” for the current level of Zinc. 
19. Swipe the screen from right to left. 
 
CURRENT STOCK LEVELS REPORT 
1. Select “Current Stock Levels Report” option from the main menu.  
2. What do you see?  
3. What do these values represent? 
4. Go back to the “Main Menu” 
5. Select “Order of Stock” option from the main menu.   
6. What do you see?  




8. Was it difficult to figure it out?  
 
CREATE NEW ORDER 
1. Press the button “Create New Order”.  
2. Swipe from right to left. 
3. What do you see?  
4. Tap on RDT. 
5. What do you see? 
6. Input 20.   
7. Swipe the screen from right to left.  
8. Please say what happens. 
9. Tap on RDT and then input 400. 
10. Swipe the screen from right to left.  
11. Please say what happens. 
12. Tap on RDT and then input the “recommended” RDT amount to order.  
13. Swipe the screen from right to left.  
14. Please say what happens. 
15. Now input all “recommended” amounts for the rest of the health commodities. 
16. Now do entering all remaining orders. 
17. Once you finish please tap on “Send Stock Orders”.  
18. What do you see? 
19. Now press the “Main Menu” button. 
 
EMERGENCY TRANSFER OF STOCK 
1. Select “Emergency Transfer of Stock” main menu option.  
2. What do you see?  
3. What information you get from this?  
4. Is this understandable? 
5. Please touch the markers 
6. What do you see? 
7. Please press the button to create a new Emergency Transfer.  
8. Select one of the choices in the list.   
9. Swipe from right to left.  
10. Imagine that you are at the Tontokrom clinic. Please select the clinic that could help with 
the emergency transfer. For this use case, select Watreso clinic.  
11. Swipe from right to left. 
12. Input the amount of RDTs you need, for example 20. 






APPENDIX G: Usability Survey Instrument 
Usability Survey for malaria commodities supply chain management prototype 
Please select a level of agreement with the following statements regarding to the malaria 
commodities supply chain management prototype. 
1) I find the prototype easy to use. 
____ Strongly Agree 
____ Agree 
____ Neither Agree nor Disagree 
____ Disagree 
____ Strongly Disagree 
 
2) The information in the prototype is clear and understandable. 
____ Strongly Agree 
____ Agree 
____ Neither Agree nor Disagree 
____ Disagree 
____ Strongly Disagree 
 
3) Learning to operate the prototype is easy for me. 
____ Strongly Agree 
____ Agree 
____ Neither Agree nor Disagree 
____ Disagree 
____ Strongly Disagree 
 
4) I find the prototype flexible to interact with. 
____ Strongly Agree 
____ Agree 
____ Neither Agree nor Disagree 
____ Disagree 
____ Strongly Disagree 
 
5) Using the prototype will enable me to administer my malaria commodities orders more 
quickly. 
____ Strongly Agree 
____ Agree 
____ Neither Agree nor Disagree 
____ Disagree 





6) I think the prototype will make it easier to order/reorder malaria commodities. 
____ Strongly Agree 
____ Agree 
____ Neither Agree nor Disagree 
____ Disagree 
____ Strongly Disagree 
 
7) I think the prototype will make it easier to see the level of stock of malaria commodities. 
____ Strongly Agree 
____ Agree 
____ Neither Agree nor Disagree 
____ Disagree 
____ Strongly Disagree 
 
8) I think the malaria commodities supply chain management prototype will save time in finding 
out what CHW/clinic could help me in the case I need to do an emergency transfer of 
antimalarial commodities. 
____ Strongly Agree 
____ Agree 
____ Neither Agree nor Disagree 
____ Disagree 
____ Strongly Disagree 
 
9) I think the malaria commodities supply chain management prototype will save time in 
reporting the consumption of malaria commodities. 
____ Strongly Agree 
____ Agree 
____ Neither Agree nor Disagree 
____ Disagree 
____ Strongly Disagree 
 
10) I find the prototype useful. 
____ Strongly Agree 
____ Agree 
____ Neither Agree nor Disagree 
____ Disagree 
____ Strongly Disagree 
 
11) I think that the use of the prototype will be important to allow me to report the current stock 
levels of malaria commodities anytime and anywhere. 





____ Neither Agree nor Disagree 
____ Disagree 
____ Strongly Disagree 
 
12) I think that the prototype will help the users see the level of stock of malaria commodities 
anytime and anywhere. 
____ Strongly Agree 
____ Agree 
____ Neither Agree nor Disagree 
____ Disagree 
____ Strongly Disagree 
 
13) I think that the prototype will help order/reorder (request) malaria commodities anytime and 
anywhere. 
____ Strongly Agree 
____ Agree 
____ Neither Agree nor Disagree 
____ Disagree 
____ Strongly Disagree 
 
14) In my job, I feel more connected to people around me because of my use of mobile wireless 
technology. 
____ Strongly Agree 
____ Agree 
____ Neither Agree nor Disagree 
____ Disagree 
____ Strongly Disagree 
 
15) Assuming I have access to the prototype, I intend to use it. 
____ Strongly Agree 
____ Agree 
____ Neither Agree nor Disagree 
____ Disagree 










APPENDIX H: PROTOTYPE USER MANUAL 
Open the Supply Chain Manager App. You will be directed to the “Main Menu”. See Figure H.1. 
Figure H.1 Software prototype main menu 
 
 
Select “Report Stock Levels” main menu option and then select the health commodities 
for which you would like to report the stock levels. See Figure H.2. 





Tap on “Next” button or swipe the screen from right to left. See Figure H.3. 
Figure H.3 Collect RDT stock level screen 
 
 
Figure H.3 shows the screen to enter the amount of the current level of RDT. Tap on 
“Next” or swipe the screen from right to left. Similar screens will be presented for the other 
selected health commodities. 





Select “Current Stock Levels Report” main menu option. Figure H.4 shows a list of the 
current levels of stock. At the bottom of the list, there are buttons to go to “Order of Stock” 
and to “Emergency Transfer of Stock”. 
 
Select “Order of Stock” main menu option (See Figure H.1). Once you select this option 
you will see the screen in Figure H.5. 
 
Figure H.5 shows the visualization of current stock levels of the health commodities. The 
current levels are compared to the recommended levels for each health commodity. The color 
specifies the status of the levels. Green represents normal level; yellow the reorder level and 
red the emergencies reorder level. The malaria and fever cases data collected manually for 3 
years by the cluster was fitted to the generalized stream value distribution to predict the 
recommended monthly values of stock. This method was used because the size dataset 
available for this specific area of rural Ghana is relatively small. The fever cases data was 
used to predict the RDT tests recommended number and the malaria cases data was used to 
predict Coartem recommended values. Consumption data for Paracetamol, ORS and Zinc, 
was not available digitally at MVP Bonsaaso, Ghana cluster; therefore mock data was used 
for the recommended values of those commodities. 
 
Figure H.5 Current stock levels visualization 
 
Press button “Create New Order” and you will see the screen in Figure H.6. It shows a list of 
health commodities to order and an option to “Send Stock Orders” to the database. The 
information of the current levels with their respective colors is passed from the previous 

























Tap on RDT and then input the recommended quantity to request. See Figures H.7 and H.8. 































Now tap on “Coartem 6”, the screen in Figure H.9 is shown. 
 














The prototype recommends 253 blister packs of Coartem 6, but the user inputs only 20. The 
menu will continue to show the red color in the bubble because it is still in emergency reorder 
level and the user will likely run out of Coartem 6 the next month. See Figure H.10. 
 











If the user inputs a value in the reorder level, the bubble turns yellow. See Figure H.11. 




The user fills out the rest of the orders and the screen in Figure H.12 is presented to the user. 











Then the user selects “Send Stock Orders” and the screen in Figure H.13 is visualized. 
 











This visualization in Figure H.13, shows the values of the current stock levels + the new order. 





Figure H.14 shows the ideal case in which the user followed the recommended values for the 
order. Figure H.15 is shown after the user selects “Send Stock Orders”. 




























Select “Emergency Transfer of Stock” main menu option (Figure H.1). The screen in Figure 
H.16 will be presented. This option could be chosen when a point of supply (clinic or CHW) is 
running low or out of stock. 
 






















Figure H.16 shows a visualization of a map with the different MVP Bonsaaso, Ghana cluster 
clinics. Each marker represents the four commodities with the lowest levels for the user. In this 
example the user is a midwife in Tontokrom clinic. The commodities with the lowest levels 
are RDT, Coartem 6, Coartem 12, and Coartem 24. The map marker visually indicates this 
with the red color and the relatively small size of the areas. 
 
The color and the size of the area, could give the user decision support in regards to which 
clinic could be chosen for an emergency transfer. Green represents high availability; yellow 
medium availability and red low availability. If the user taps any part of the marker, the 
current levels in that clinic will be shown in a map popup (See Figure H.16). 
 
Press the button to create a new Emergency Transfer and the screen in Figure H.17 will be 
shown. The screen has a list of type of stocks. Select one of the choices in the list.  Press 
button “Next” or swipe from right to left. Select the clinic that could help with the emergency 
transfer. For this use case, select Watreso clinic (See Figure H.18). Input the amount of RDTs 




This prototype was built with the capability of working in remote villages that do not have 
access to a cell phone network. A user could synchronize the information from the local tablet 
database to the cloud whenever s/he reaches an area with cell phone coverage. 
 
This innovation has the potential to help the users in low resource settings such as Rural 
Ghana to manage their stock better in order to avoid the previously found challenges in the 
antimalarial commodities supply chain at clinics and communities. 
 


























Figure H.19 Input amount of RDTs for emergency transfer screen 
 
 
